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firs3 !=ip:«a2ia ggnfriT iegerpciiin tti^ xri»ai 31 iNiI ui 
the leccsnr by PrioeaBcr S^nfjcTraut :a * T!i»* Scrtsfc 3fc»fcr 
Camtii'ig^ aoi ifeir F-aiff it lii* B«Hii:ir£ L*vi*L * Ii w;fc> 
first FEpicsed is. inic^ jiesi pnss birj iStirirar'^ Kccimsed 
with a SGffJiastaEiis ami •fsurmxL i«etiu:iuk Twt? T««r» 
prerkxish- Mr Locii^ BuFEtnL ;kg^<&uia oc P^:il S^nlucvirk. 
had pohiished vxiiIl i&e aai of ihe lasiMrr a map o£ ike 
neighbooriiocd •jf CamlKsi^ :Snee ihiea a oiizliiiraie o^ 
geologists hare stoc&ed the scrasi^raplLT aod paJaeoatok^ 
of the dt^tnct and bave adied rmmiertfHclT v> oar knov- 
ledge by their detaikd inTe5dgaC£oii& bat they haxv only 
tended to estabtiah the general aecoiacy of the bivxtd 
oatlines sketched in by PK^esor Sedgwick. 

Amongst the earliest and mc^ energetic workers at 
the local geology was Prot H. G. Seeley. who«5e canelul 
and energetic r&seareh in this district is r^pcessented not 
only bv nnmeroos papers in varioos scientific journals but 
by the arrangement of a awasiderable part of the Uxal 
collections in the Woodwanfian Museum. 

In 1872 Mr A. J. Jukes-Browne, who for many y^MUf» 
has been issuing the valuable results of his geoK^cal 



work in Eiast Anglia, published a revised version of 1 
Barrett's map; and in 1875 Prof. T. 0. Bouney, who hi 
been requested to re-edit Prof, Sedgwick's lecture of 1861 
brought out his excellent maaual of " Cambridgeshix 
Geology," which since then has been the standard bool 
on the subject for students. 

The Memoir of the Geological Survey on the southei 
part of the county issued in 1881 was followed in 189 
by that on the northern portion; and these with tb 
original articles and papers of which a list is given in th 
appendix must be consulted for details. 

Owing to the recent publication of Sheets 9 and V 
of the inexpensive Index Map of the Geological Survei 
it has been considered unnecessary to increase the cost t 
the present handbook by the addition of a ^ 
map, since these Sheets include the whole of Cambridge 
shire and portions of the adjoining counties. 

The increasing number of geological students in th 
University and their constant request for a concia 
account of the local geology embodying the results o 
the most recent research have led me to prepare thi 
little book. I am especially indebted to Prof. 1 
M''Kenny Hughes for invaluable assistance and advice 
and to Prof. Bonney for his kind pennission to 
free use of his manual on the local geology. My thai 
are also due to Mr H. Woods for much informatioi 
about the Cretaceous beds. 
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INTEODUCTION. 

The Cambridgeshire area is full of interest to the 
geologist not only on account of the variety of the strata 
which range from the Oxford Ciay to recent fluviatile 
deposits, but also because of the peculiar' local development 
and relations of some of the formations. We may mention 
for instance the argillaceous representative of the Corallian 
limestones of other districts, the Upware coral reef, the 
Cambridge Greensand, and the river- terraces. 

Physical features. There are four natural regions 
depeh<ling on geological structure into which the County 
of Cambridgeshire may be divided. These are (1) the 
chalk hills and plateau in the south and east; (2) the 
high ground in the west ; (3) the median valley of the 
Rhee, and the Cam, and (4) the Fenland in the north. 
There is no definite line of demarcation between the 
last two regions, for the river-valley widens out gradually 
and passes imperceptibly into the Fenland. 

The first region comprises the whole range of chalk 
hills from Royaton in the south-west to Newmarket in the 
north-east, and from it flow down the main tributaries of 
the Cam and Ouse, cutting their way through the face of 
the escarpment. In many parts the typical scenery of a 
chalk country is displayed, as for instance round Royaton, 
, where the well-known rolling outlines of chalk downs 
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INTRODUCTION. 

covered with short smooth turf present a marked contrast 
to the level plain in the northern part of the comity. 
Over a large area, however, post-tertiary deposits cover \ 
the solid rock and the characteristic features are obscured. 
The highest ground occurs in the eastern region. Thus 
at Tharfield the escarpment ia 500 feet high, whereq 
its average height is about 300 feet in the Gog Magc^ 
Hills. . 

The second region is an irregular hilly district t 
posed partly of outliers of Lower Chalk with loaj 
promontories projecting eastwards, the whole capped t 
an extensive layer of Boulder Clay. In the south-we! 
the Lower Greensand rises into picturesque hills of som 
importance, as near Sandy. The Jurassic clays lie sti 
further to the west and form a plain except where patche 
of drift or gravel cause gentle elevations or ridges. Tha 
is particularly the case in the northern part where th 
plain merges into the Fenland. 

The third region comprises the valley and alluvial plai 
of the Cam, the Rhee, and their tributary streams. It ] 
composed chiefly of Gault and Chalk Marl with a coverinj 
of gravel along the present and ancient river-course) 
The town of Cambridge is situated on the Gault in th 
middle of this valley, The portion of this region compose 
of Chalk Marl is gently undulating but the Gault areas ai 
mostly very flat. The lines of gravel give rise to ridgt 

slightly elevated ground, and the three river-terr 
are well developed. 

The fourth region consists of peat-land in the sout 
and silt-land in the north. The flat open treeless characte 
of the landscape where peat prevails is well known, j 
long tongue of the Fenland projects aonthwai-d to incliid 
Eurwell Fen. To the west of the Cam the Ouse form 
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southern boundary of this region between St Ives 
and Thetfoj-d. A few scattered 'islands' rise above the 
geoeral dead level, the most important of which are the 
Isle of Ely formed of Kimeridge Clay capped by Lower 
Greensand and Boulder Clay ; the raised ground round 
March which consists of Boulder Clay and marine gravel ; 
*nd the inlier of Jurassic rocks and Lower Greensand 
composing the Upware ridge. 

A great expanse of level ground stretches from 
Cambridge in the south to the Wash in the north — a 
distance of about forty-five miles, and the whole Fenland 
forms the largest plain in England, having an area of about 
1300 square miles. The Wash was once coextensive with 
the Fenland and the whole silting up of this vast area has 
taken place within recent geological times'. In fact the 
Fenland is an enormous complex delta formed by several 
rivers, flowing chiefly from the south-west into a large 
shallow bay. At the landward end they deposited their 
loada of detrital material which stretched out as muddy 
flats for miles into the sea. The tides brought in fine 
silt which was thrown down against the outward face of 
the delta and gradually formed banks which rose above 
high-water mark. Over these low-lying lands forests and 
ultimately spread. The process by which the 
Ld encroaches in this way on the sea and by which the 
sa itself is silted up is still g^oing on in the Wash though 
'at a slower rate than in past times, and the growth of the 
marshes along the present coast of the Wash may still be 
observed. Occasional incursions of the sea over these 
■low-lying tracts have taken place in historical times, but 
much land has been reclaimed by artificial banks in the 
course of the last few centuries. The Fenland is indeed 
' Miller and Skertclilj, The Fenland (1873), p. 5. 
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INTbl'ODnCTIOS. 1 

the Holland of England, ttirf present a marked contrast 
delta of the Rhine: the surfacjlhern part of the county. 
are strikingly similar, as might st-tertiary deposits cover 
similar origin and history. ^^ features are obscured. 

The rivers of Cambridgeshire belHni region. Thus 
drainage-system — that of the Cam antNhigh, whereas 
principal waterway runs in a general N.XJSfcig Magog 
through the county along the median valley, 
lateral streams ultimately find theii- way into it^ 
Rhee-Cam-Ouse river occupies a longitudinal valley 
ning along the strike of the beds and following very n( 
the main outcrop of the Chalk Marl to a point as far nt 
as Waterheach. Thus it forms a 'subsequent'' river, 
it does not flow down or against the dip-slope of the strj^ 
but along the line of strike. 

The Rhee rises at Ashwell in Hertfordshire. 
springs which give rise to it are thrown out by the Chal 
Marl. It flows along the longitudinal valley in the Gaul 
in a general north-easterly direction, and at Hauxton 
joined by the united waters of the Gi'anta and Lin rivei 
forming the river Cam. The branch of the Cam knowi 
as the Granta rises near Quendon in Esses and flows 
across the strike of the Cretaceous beds and against their' 
dip. Streams with such a course have been called, 
'obsequenf streams and must be later in date than 
the formation of the escarpment through which they cut. 
The Granta in fact was once a short stream which ran 
westwards from the face of the escarp ni en t into the 
longitudinal valley. It has cut its way back through 
the whole Chalk plateau to its present source at Quendon, 
and, since the existence of this ' obsequent ' valley has 
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^ t'le even in Esaejt previous to the deposition 
. 1 (■ j^MiMer Clay (see p. 161), we can form some 
li^jiu^reat antiquity of the drainage system now 
i ^'by the Cam. 
■j aif I^<iIIey of the Lin is also occupied by an ' ob- 
i r~ ' stream which flowed along the same course 
,3 giacial times (see p. 161), 
'^fsin rhe Granta flows from Qnendon, past Newport, Wen- 
i n, Chesterford, and Whittlesford to Shelford, where it is 
by the Lin which also rises on the Chalk and 
i its way past Liutun, Abington, and Babrahani to 
^ford. 

The luiited rivers then flow w eat-north- west to Haiiit- 
I ton, there to join the Rhee. 

From this point the river is known as the Cam and 

I flows as a ' subsequent ' stream along its north-easterly 

( longitudinal valley, through the town of Cambridge, past 

Fen Ditton, Homingsea, Waterbeach, and Up ware to 

Thetford, where it joins the Ouse. 

The most important tributary of the Cam from the 
west is the river Bourn, which rises on the high ground 
near the village of Bourn as the overflow of the water in 
the Lower Oreensand and finds its way over a low place 
in the rim of Gault bounding it on the east. It flows past 
Bourn in an easterly direction to join the Cam just below 
Graotchester. The Bourn is what is known as a 'con- 
Bequent' stream because it flows down the dip-slope of 
flie beds. The ridge of Chalk Marl that stretches with 
sonsiderable interruptions between Madingley, Coton, and 
itle Hill, forms a low watershed, the drainage from its 
1 side falling into the Ouse while that from its south 
s way to the Cam. 
There is an ' obsequent ' stream on the east which rises 
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near Fulbourn, but becomes a ' subsequent ' stream e 
Teversham owing to abstraction. Its ancient course whiel 
is marked by patches of gravel would bring it directlj 
westward to Fen Ditton. The ' subsequent ' stream is i: 
its turn captured by a small 'obsequent' stream nea 
Swaffham which flows westward into the Cam. Froni 
Little Wilbi'aham another ' obsequent ' stream flows N.W. 
to the Cam ; and after the junction of the Ouse and Can 
at Thetford we meet with a succession of ' obsequent ' : 
draining the high ground in the east and running i 
the dip of the beds to fall into the Ouae. Such are th« 
Ousel, Ivel, Lai'k, Little Ouse, and Stoke. 

The river Ouse itself between Bluntisham and ThetfoW 
is a true ' consequent ' stream, and is abstracted at Theb 
ford by the ' subsequent ' river occupying the longitudinal 
valley. 

According to Prof. W. M, Davis, the elahoratioi 
of the rivers is the result of two cycles of denudation 
At the close of the first cycle, when the land had bet 
reduced to a 'peneplain' or lowland of faint relief, e 
uplift took place which started the second cycle > 
denudation by renewing the activities of the rivers, a 
this has led to the high degree of perfection in th* 
adjustment of the streams to structures. This drainag» 
system was however determined in pre-glacial timeg, 
and after the departure of the ice the land was left 
swathed in a covering of clay of variable thickness and 
possibly of somewhat irregular and patchy distribution. 
The country however stood then and stands now at a loweB 
level than it did before the incoming of glacial condition^ 
for the buried channels filled with Boulder Clay, silt, etc, 
are sometimes below the present sea-level (see p. 156). The 
water running otf the clay-covered surface which the ice 
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, left flowed mainly into ita ancient channels or at any 
rate along the lines of their depressions, and the general 
coincidence of direction in the pre- and post-glacial stream- 
courses shows that the mantle of drift was not sufficiently 
thick to ohliterate the main features of the landscape. 
Thus the principal rivers are the revived successors of the 
pre-glacial streams, though in a minor degree they have 
been " superimposed hy sedimentation'." 

The great antiquity of our river-system is shown by 
Lthe prevalence of 'subsequent' streams, for all young 
K^iver-systems have their ' consequent ' streams more 
Rstrongly developed. In pre-glacia! times the 'conse- 
["■^uent ' streams had all been ' beheaded ' owing to their 

■ .upper portions being diverted by the strong 'subsequent' 
Krtreams; and the 'obsequent' rivers had likewise cut 
HH<:k long and important valleys. 

I Since the glacial period sub^rial denudation has 

■ proceeded apace, for we find that the steepest slope of the 
Br^alk acarp over which the Boulder Clay was spread is 
K^istant IJ miles west of the present face of the escarp- 
KDent(seep. 159). 

H In the northern region of Cambridgeshire the flat 
^Kenland is only at a very slight altitude above the sea. 
^Ut Upware, for instance, the level of the Cam is only 
^Hbout 12 feet above low-water level at Lynn Deeps, so 
Hjbat artificial drainage by dykes is general. A few 
Bnuggish meandering streams traverse the plain to empty 
Wfcemaelves into the Wash, amongst which may be men- 
Wlioiied the Old Croft river which marks the former courae 
H^ the Great Ouse before it was artificially diverted into 
nts present northerly direction. 

B ' G. K. Gilbert, ■' Geology of the H«nrj Mountaina," U. S. Oeol. Sarv. 
BbSTT), p. US. 




General remarka. The members of the Jura 
System which are found in this area occupy only H 
northern and north-western portion, with the exceptio 
of the Upware inlier. In the immediately adjoinin 
counties of Bedford and Huntingdon there are, howevei 
several sections of interest which are readily acceBsible 
and in order to give a clear idea of the relations, etc. < 
the beds it will be necessary briefly to refer to them. 

The only porticos of the Jurassic System which ocoU 
in Cambridgeshire belong to the Middle and Uppe 
Oolites, from the Oxford Clay to the Kimeridge Cl^ 
inclusive. 

One of the features of the series in this part t 
England is the absence of the typical calcareous develt^ 
ment of the Corallian to which we are accustomed i 
the south-western counties and in Yorkshire. In Bet 
fordshire, Cambridgeshire, and Lincolnshire there is j 
almost unbroken succession of clays from the Oxfop 
Clay to the Kimeridge Clay. Some subsidiary and thi 
limestone bands are indeed intercalated, and the Upwar 
Corallian limestone reef has long been famous, ba 
practically the Jurassic deposits of this region consis 
of araillai;eou3 jjiaterial. It used even to be held b 
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some authors that with the exception of the Upware 
limestone the Corallian beds were here entirely absent. 
But Prof. Seeley' in 1861 showed that they were palje- 
ontologically represented by part of the clay formation 
which had been included in the Oxford Clay ; and more 
recently Mr T. Roberts' has brought forward considerable 
evidence in favour of this view not only for Cambridgeshire 
but also for Lincolnshire*. 

The Oxford and Kiraeridge Clays which are fairly per- 
sistent in their characters from Dorsetshire to Yorkshire, 
show no peculiar lithological features ia this district. 

The Portland and Purbeck beds are wholly wanting and 
perhaps never existed in this part of England. 

The general succession of the Jurassic rocks of Cam- 

I^dgeshire is as follows ; — 
I Upper Oolites [Kimeridge i 



Middle Oolites { -^^ower Calcareous Grit. 

)Kford Clay. 



THE OXFORD CLAY. 



Creneral remarks. The lowermost beds of the 
Oxford Clay do not occur in the Cambridge district but 
are met with near Peterborough and in Northamptonshire 
where the Kellaways Rock is quarried^ 

The western limit of the Oxford Clay runs in an 
irregular line from Bedford to Peterborough, being marked 

' Geolngiit, voi. iv. (18B1), p. 552. 

» T. Roberta, The Juratsic Eacki of Cambridge {Sedgwick Eaeay, 1886). 

" T. Boberts, Q. J. G. S. vol, slv. (1889), p. 545. 

* T. KobertB, Jar. Rocka of Canibe. p. 10. Jtldd, Geol of Jtulhmd 

em. Geol. Surv.), 1875, p. 232. 
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by the outcrop of the Lower Oohtes of east Northampton- 
shire. It forms the broad valley of the Ouse in the 
neighbourhood of Bedford aud the low-lying flat countiy 
or plain to the north, aa may be well seen from the Lowra?' 
Greensand escarpment at Sandy. 

Its whole outcrop in Camhridgeahire is considerabl] 
obscured by drift, but its eastern limit must lie aomewhen 
to the east of the River Ouse, between Bedford am 
Huntingdon. 

The unconformable junction of the Cretaceous with th 
Jurassic beds is well exposed in the railway cutting i 
of Sandy Station, where the Lower Greensand is t 
resting on the denuded edges of the Oxford Clay. 

Characters and thlckneaa. The Oxford CUf 
consists of dark blue or bluish grey tenacious clays wit 
thin bands of sandy argillaceous limestones or lines ( 
septaria. The clays are occasionally crowded with crystal 
of selenite {sulphate of lime), and nodules of pyrite 
(sulphide of iron) are not uncommon. 

The Oxford Clay has not been pierced in the Cambridg 
district. At Bluntisham a well 300 feet deep did no 
reach its base, but its thickness is not as much as 700 fee 
as stated in the Survey Memoir', for most of the Ampthi! 
Clay is there included with the Oxford Clay. Accordinj 
to Mr T. Roberts the thickness is probably about 500 fee 

Occurrencea and ezposurei. Near Sandy in Bed 
fordshire there is a good exposure of Oxford Clay wit' 
septariau nodules and thin calcareous bands in the brio 
pits at the foot of the Lower Greensand cliff on the nort 
side of the Great Northern Railway. Fossils are faii^ 



Explan. Quart. Sheet 61, S.W. p. 5. 
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Pentifiil here, and from theai we should infer that the 
ids belong to the upper part of the Oxford Clay. 
The lowest beds seen iu the neighbourhood are those 
J in the brick-pits near St Neots, and belong to the 
I. omatus zone of Prof. Judd', There is a greyish 
indy limestone in these pits which Prof Seeley called the 
; Neots' Rock*," but Mr Roberts does not appear to 
1 much importance to it either palfeon to logically or 
ratigraphically. 
At Godmanchester a brickyard exposes Oxford Clay of 
Riprobably a somewhat lower horizon than that of St Ives. 
L thin sandy limestone is found here also near the top of 
ihe clay. 

West of St Ives there is a large brickyard where the 
test and most accessible section of the Oxford Clay near 
lambridge is to be seen. The "St Ives Rock" (see p. 16), 
luppoaed to be of the age of the Lower Calcareous Grit, 
I the clays in the pit, a.nd these must therefore be 
i to the very top of the Oxford Clay, i.e. to the Am. 
"datus zone. 

The succession in the section (Fig. 2, p. 17) is as 
fellows': — 



(1) 


St Ives Rock— a brown femiginouH limestone 


3 





(2) 


Dark blue clay 


8 





(3) 


Layer of calcareous nodules 





9 


(4) 


Dark blue clay with clusters of selenite 








crystals 


15 





(6) 


Layer of calcareous nodules (irregular) resting 








on thin layer of clay 





8 



-10 

' Jadd, Qeol, of Rutland {Mem. Qeol. Sure.). 1875, p. "232. 
» ^nn. Mag. Nat. HUt. aer. 3, vol. x. (1862), p. 105. See aUo T. 
lobertB, op. eit. p. 13. 

' T, Boberta, op. eit. p. 16, 
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(6) Greyish argillaceous limestone 

(7) Blue clay worked down to 



ft. in. 

1 

16 



Fossils — particularly Oryphcea dilatata — are fairly 
abundant in the clays. 

On the railway line from St Ives to Bluntisham and 
Sutton calcareous bands of rock are seen in the clay and 
by their dip prove the existence of a low anticlinal below 
the valley of the Ouse^ 

PalaBontology. The following fossils have been 
recorded from the Oxford Clay of this district. 





Sandy 


St Neots St Ives 


Reptilia. 








Cimoliosaurtis plicattis Vhil 

„ Michardsoni Lyd, 














Ichthyosaurus thyreospondylibs Owen 

OphihalmosauTus sp 

Pdoneustes phUarchus Lyd 

PliosaurvA Evansi S&^\ej 








X 














X 




„ /eroo; Sauvage 








MOLLUSCA. 








Cephalopoda. 








Ammonites AchiUes D'Orb. (Godman- 








chester) 






X 




, athletusVhJl 




X 


X 




, haheanusjy Ovh 






X 




, Bakerice Sow. (Godmanchester) 






X 




, cor<to2« Sow. (Godmanchester) 


X 




X 




, crenatibs Brug. 






X 




, Duncani Sow. 




X 






, Ev>genii Rasp. 




X 


X 




, excavatus Sow. 






X 




, flexuosus Munst 






X 




, QoliathusVi'OTih 






X 




, Acc<ict« Rein. 






X 



1 Mem, Geol. Surv. Explan* Quart* Sheet 61, S.W. p. 6. 
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Sandy 


St Neots 


St Ives 


MoLLUSCA (cont.). 










Cephalopoda (cont). 










Ammonites Jason Rein. . . . 


• • • • • • 




X 


X 


„ lophotus Ziet. . . . 


• • • • • • 






X 


„ marioe D'Orb. . . . 


• • • • • • 


X 




X 


„ o(^a<w« Pliil.(Godmanchester) 






X 


„ perarmatiLS Sow. 


• • • ■ • • 






X 


„ rupdlensis IVOrb. 


• • • • • • 






X 


„ tnfidus Sow. ... 


• • • • • • 


X 




X 


• • U>« Om* • • • • • • 


• • • • • • 






X 


Belemnites abbreviatus Mill. 


• • • • • • 






X 


y, hastcUus Montf. 


• • • • • • 


X 


X 


X 


„ oheliscus 


• • • • • • 


X 






„ puzosianus D'Orb. 


(Godman- 








Chester) . . . 


• • • • • • 


X 


X 


X 


„ puzosianus var. 


verrucosus 








PhU. 


• • • • • • 


X 






Belemnoteuthis sp 


• • ■ • • • 






X 


Nautilus calloviensis Oppel. 


• • • • • • 






X 


Gasteropoda. 










Alaria trifida Phil. 


• • • • • • 


X 




X 


Cerithium Damonis Lye. . . . 


• • • • • • 






X 


„ muricatum Sow. 


• • • • • • 




X 




ff oV* . * . . • • 


• • • • • • 






X 


Lamellibranchiata. 










Astarte robtcsta Lye. 


• • • • • • 




X 




«• oLI* ••• ••• ••• 


• • • • • • 






X 


Avicula incequivalvis Sow. 


• • • • • • 


X 




X 


Cardium Crawfordi Leek. 


• • • • • • 






X 


Ctumllcea concinna Phil. ... 


• • • • • • 




X 


X 


Exogyra nana Sow. 


• • • • • • 






X 


Gryphcea dilatata Sow. (Godmanchester) 


X 


X 


X 


Isocardia sp. 








X 


Leda lachryma Quenst. . . . 








X 


yy SU. ... ... ... 








X 


Lima rigfida Sow. 








X 


Modiola bipartita Sow. . . . 




X 




X 


Nucula elliptica Phil. 
„ nuda Phil. 








X 
X 


„ omata Quenst. . . . 




?X 




X 


„ turffida Be&n ... 








X 


Ostrea gregaria Sow. 








X 


Fectenjibrosus Sow. 






X 




Fernasi^ 




X 




X 


Pholadomya PhUlipsi Morr. 








X 
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Sandy 


St Neots 


Stives 


MOLLUSCA (cont,). 






Lamellibranchiata (cont,). 








Pinna mitis Vhil 






X 


Thracia depressa Sow. 
Trigonia ctaveUata Sow. ... 








X 








X 


„ costata Sow. 






X 




„ elorufcUa Sow, ... 
„ Feltati Mun. ChaL 








X 








X 


Brachiopoda. 








Rhynchonella lasvirostris McCoy 






X 


„ varwiTW Schloth 




X 


X 


Terebratula oxoniensU (Walker M.S.) 








X/df v« ••• ••• ••• ••• ••• 






X 


WaZdheimia impressa Von Buch 






X 


Annelida. 




X 
X 


Serpula up. ... 






X 


Vermilia atUcata Sow 






X 


Crustacea. 








En/ma Babeaui 'EtaMon 






X 


„ Oeorgei Carter 








X 


„ MarvdeUlohi Meyer 








X 


„ 'ipuhhella Carter 








X 


„ ventrosa Meyer 








X 


„ Villersi Morihre ... 








X 


Ei'^on subliBvis Carter 








X 


Glyphea hismda Carter ... 
„ regleyoTui Meyer 








X 
X 


Ooniocheirus cristatus Carter 








X 


Magila dissimilis Carter ,,. 








X 


„ ^mwia?ia Carter ... 








X 


„ Pichleri Oppel. ... 








x 


Mecocheirus socialu Meyer 








X 


Paguruss^, 








X 


Pseudastacus sp 








X 


ECH INODERM AT A. 








Acrosalenia s^ 






X 


Pentacriniis s]p 


• • • • • 






X 
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THE LOWER CALCABEOUS QBIT. 

Greneral remarkB. Two names have been given to 
^his bed in our area from the localities in which it has 
>een detected, namely Elsworth and St Ives. Prof. Seeley, 
who first deacribed these limestones', held that they were 
on different horizons, the Elsworth Rock being in the 
highest zone of the Oxford Clay and the St Ives Rock 
130 feet below it. But the palEeontological evidence ia 
strongly in favour of the two beds being identical in age 
though they differ slightly in lithological characters. It 
would seem that between St Ives and Elsworth the beds 
B bent into a broad anticlinal, the axis of which lies not 
t&r south of the St Ives brickyard and the River Ouse^. 
In order to present the evidence more clearly the two 
jBocks are here described separately. 

(a.) The Elsworth Rock. 

In the village of Elsworth, situated about 8 miles 

f W.N.W. of Cambridge, there are exposures of this rock on 

\^e banks of the stream which flows through the hamlet. 

■b the immediate vicinity the rock is also seen by the 

roadside and in pits. It consists of two bands of limestone 

separated by a brownish -black clay. Prof. Seeley had a 

pit sunk into it, and describes the lower limestone as' "a 

dark-blue homogeneous limestone, which I can compare to 

nothing but the unseptariaus cement-stones of the clays. 

The oolitic grains were abundant and aa deeply ferruginous 

as though they had been exposed to the air, while, scattered 



' Ann. Mag. Nat. Hist. ser. f 
» T. BobertB, op. cit. p. 19 et 
' Saeley, .Inii. Mag. Nat. Hit 



vol. X. (1862), p. 9S et seq. 
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irregularly about, branching and interlacing, were r 
of undecom posed iron pyrites." The limestone n 
from 3 to 7 feet m thickness, and this variation waa 
ascribed to contemporaneous denudation. The overlying 
clay was 5 feet thick and contained a small variety of 
Ostrea Marshi. The upper limestone was only 18 inches 
thick but much resembled the lower bed except in being 
rather more sandy and in places less oolitic. 

Near Bluntisham a rock similar in lithological 
characters has been met with, and again in a well 
near Bourn. 

The dip of the Ebworth Rock is southerly. The fossils 
recorded from it come from the lower limestime band (see 
list on p. 20). 

(6) The St Ives Rock\ 

This Rock consists of 3 feet of feiTuginoua limestone 
and calcareous clay, and caps the Oxford Clay in the St 
Ives brickyard (Fig. 2). The minute subdivisions of this 
Rock are as follows' : — 

ft. in. 

(o) Yellowiah-browii calcareous clay, thin and irregularly 
bedded. Foasik not abundant 7 

(6) Two thin beds of brown ferruginous limestone, the 
uppermost containing decomposed nodules of iron pyrites. 
Fosaila : Exogyra nana, Gom<»nya literala, etc. 

(o) Brown sandy foHsiliferouH limestone coutainiug oolitic 
grains of oiide of iron, like those in the Elsworth Rock, 
is very nodular towards the base and here the fossils a 
most abundant 

' Seeley, Ann. Ulag. A'al. Hist. ser. 3, vol. s. (1862), p. 101. : 
Canil. Geol. p, II. T. EohertB, op. cit. p. 21. 
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(d) Grey calcareous sandy clay, brown in its 
Below it passes down into the Oxford Clay. 
Pinna, Myadtn recurva, Otyphma dilatata, Plewotomana, 



b 




Fro, 2. 
~r Allnvinra ft, in. 

a. Thin olny (Ampthill Clay) 

6. St Ives Book 3 

e. Dark Hue clay 8 

d. Thin layer of caUareouB nodules 9 

t. Dack blue olay with aggregated crystals of selenite 15 

/. Irregular layer of oakareous nodtilea 9—10 

(Beparated from g by thin layer of clay) 
g. Thin bed of greyish argillaceous limestone ... 1 
h. Blae olay 
8. Spoil heaps 

The lower part of the St Ives Rock is very like that 
of Elsworth and the faunas in the two (see below and list) 
are very similar. 

A rock believed to be a continuation of that of St Ives 



I 
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has been pierced m well-borings at Swavesey and near 
Stretham Ferry. There are also fossils in the Wood- 
wardian Museum labelled from Holywell which by their 
speciea and the matrix show that tbey come fi'ora a rock 
of the same age and general character. 

Identity of the St Ives aiid Elsworth Rocks. Of the 
45 undoubtedly distinct speciea of fossils found in the 
St Ivea Rock at St Ives, 35 occur also in the Elsworth 
Rock of Elsworth, that is to say 77 per cent, are common 
to both, Echinoids are more plentiful at St Ivea, but the 
slight difference in the faunas is quite accounted for when 
we take into consideration that the conditions of deposition 
in the two places were not precisely similar. 



S. 



FiQ. 3. Skctioh FnoM 8t Ites to Elbwokth. {T. Hobem.) 

a. Oiford Clay. b'. St Ives Rock. d. Lower Gceensand, 

b. Elaworth Kock. c, Amptliill Clay. e. AUnvium. 

Again, the mutual resemblance of the fauna of the two 
rocks to that of the Lower Calcareous Grit of other areas 
is much in favour of their identity. 

The stratigraphica! evidence points to the same con- 
clusion : for the easterly dip of the St Ives Rock at St 
Ives, the southerly dip of the rock at Elaworth, and its 
presumed northerly dip near Bluntisham, as inferred from 
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the dip of the clay beds in tine railway cutting, all point 
to the existence of an anticlinal which though of slight 
curvature ia sufficient to explain how these rocks are on 
the same horizon {Fig. 3). 

Lithologically the characters of the rocks are similar, 

1m Prof. Seeley himself states. 
I PalBBontoloE^. The degrees of relationship of the 
feuuas of these thin limestones to those of the Oxford 
Clay, the Lower Calcareous Grit aud other beds, are 
considered in detail by Mr Roberts'. Suffice it to say 
that 50 per cent, of the species from the Elsworth Rock 
and 66 per cent, of those from the St Ives Rock occur in 
the Lower Calcareous Grit of other areas. 

If we remember also that the Lower Calcareous Grit 
of Yorkshire is from 80 to 100 feet thick while the 
Elsworth and St Ives Rocka are only from 3 to 7 feet 
thick the resemblance of the faunas is seen to be extremely 
close. Moreover several apecies which so far have only 
been recorded from the Lower Calcareous Grit, namely 
Waldheimia buceulenta Sow., W. Hudlestoni Walk., and 
Millericrinus eckinatus Schloth., are found in the Elsworth 
and St Ivea Rooks, and three others, which are specially 
characteristic of the Lower Calcareous Grit (Ammonitea 
perarmatus Sow., Modiola bipartita Sow., Collyrites 
bicordata Leske), also occur. The clay beds, also, im- 
mediately below the St Ivea Rock at St Ives contain 
Ammonites perarmatus, Am. cordatus and the other am- 
m onites which mark the highest zone of the Oxford Clay. 

' op. cit. p. 28. 
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List of Fossils frou the 8t Ives and Elsworth Roce:si. 





1 








1- 






k 


1 


1 




Ih 


1 




|| 


1 


1 

s 


I 
1 


f 


1 


PiSfEB. 














Bybodus grossiconus Ag. 


X 




X 




X 




.. sp 




^ 










Mollusc A. 














Cephalopoda. 










































„ mmvolututCivsmt. ... 










X 




„ coTdalj(g Sow. 










X 




OoliathiK WOrh. ... 














BairiciD'Orh. 














„ 2X^rmalu, Sow. ... 






X 








„ planicordatiu Seeley 














M;.a 




X 










pliccuaiiSow. 














„ vertebrtdi* Sov. 














Belemnites hagtatue Montf. 


X 












„ OimfniiPratt 














NautUiis peritiifiMut Foord iLiid 














Crick 


X 


■X 










Gasteropoda. 














AlariabispinosaVUX 

Natka CalT/pio D'Orb. var. tenuis 












X 




■X 


^ 


^ 


^ 




„ CTymenio D'Orb."' !!! 




X 










Jferineaap 




X 










Pateka cl mosensis Buv. 




^ 


^ 




^ 




Pleurotomaria granulata Lye, 














(m>n Sow.) ... 




X 










„ Mujuteri Eoem. 




X 










„ sp 




X 










Turbo MerianiQaiAt 




X 


X 


X 







' T. RobertB, [oc. cit. pp. 25—27. 
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1. 
£■1 


1 


. 




1 = 3 


1 




'^B 








5o| 




¥ 


1 


1 


1 


li 


1 


fOLLUBCA (con(.). 














Lamellibroncliiata. 














Anatinaundulata Sow 














Anomia ap. 














Area trnnida Vhil. 














„ ap. (with coarae riba) ... 




X 










„ 2 8P 














„ terebraru Bnv. 














Attarteovata Smith 








) 






„ robuttaLyc 


X 


X 


X 










X 


X 






X 




„ E3!pansa Phil 














„ ovJiiFbil 


? 


^ 






^ 


^ 


Hudl 




^ 








^ 
















CuetUl(ea elatArata Leek. 














„ elongaCaPhil 




X 








X 


„ oblmigaSow. 














£xogyra nana Bow 




























Orvphaa dOatata Sow 

HmnitetabiectmV\x\\ 


























„ SedgmcM Seeley M.S. 




X 










„ vdaiuaGoldC. 














Itoaardia globota Bean 


























„ leviiucida How 




X 


y 




X 


X 


" peamiformii aohloih. .,. 




X 






















„ riffidaSow. 














Lithodomui sp. 














Iwina ampliata IFhil 

„ globosaBuy 


^ 


^ 


X 


" 




^ 


Jfodiola Upartita Sow 














„ cancellata fioem. 














iiyacitet Jwrasii Brong... 


X 


X 


X 


X 


X 


X ' 


„ recurva ?hil 


■ 


M 


■ 


m 


■ 


^ 
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MOLLuSfA {conl.'j. 

Lamellibranchiata (txmi.). 

Myoconcha cf. Smrnanni DoUf. .. 
mtcula sp. 
(hiis angalosa D'Orb. 
Oitrea ducoidea Seeley ... 
„ JlabsUoidei Lam. ... 



Pecten ca^iculatue Sthloth. 

„ fofwSow.... 

„ vagani Son. 
Pema mytiloidet Lam. , 
Pholadomya itquaiU Sow. 
„ cAngulata f Ag. 

„ parcicQsta Ag, 

Pinna lanceolata Si 
„ mititl Phil. 



Mtiopng sp. ... 

Plieatvlafiitulosa Lye. 

Thracia depresta Sow. 

Trigonia doTigata Sow. .. 
„ Hvalmtoni Lye, 
„ periata Ag. 

Unicardiam depregmti 



Brachiopoda. 

Terebratula imigntt ScbUb. 
IFaJiiAeiniia ftMccitJenia Sow. , . 
„ Hudksloni'^BXk.... 



Crdbtacba. 

Glgphea sp. 

Omioehemu cri»lat%ia Carter 
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niHODKBMATA. 

Cidaria Jlorigemma Phit 

„ SmdAi Wrigiit 

CoUyritst hicordata Leake 
Molectvpiig dqrrsttiu Leake 
MiUencrinvs echinatug Suhlotli. 

Pentaorinvs ap 

P/eadodtademavereiporfi Woodw 



THE AMPTHILL CLAY'. 

General remarks. Resting on the Lower Calcareous 

i there is in Cambridgeshire a clay with Bufficiently 

utinct characters to separate it from the underlying and 

'erlying beds. Sedgwick recognised ita presence and 

ftlied it the Tetworth Clay in his sections through the 

Jsmbridge district published with his lecture "On the 

i near Cambridge, etc." in 1861. It has been termed 

^e Ampthill Clay from the village in Bedfordshire where 

well exposed. It has also been called the Bluntisham, 



1 E. O. Seelej, Geologist, 1861, p. 65B, Ann. Slag. Nat. EUt. Brd Ht. 
.1. p. lOljBonDey, ComS. Geo!, p. IS; T. Roberts, oj). cit, pp. BS— 60: 
7.G.S. Tol. n-v. (1889), p. 543; Mem. Geol. B«ri\ Explan. Quart. 
Juet SI, N.E. p. 7 and Explaii. Sheet 65, p. 6. 



I 
I 



THE JURASSIC BEDS. 

Tetworth and Gamliogay Clay. Much of it in our 
waa included by the Survey with the Oxford Clay and the 
boundary between the two is not well defined owinj 
the scarcity of exposures and the covering of drift. The 
upper hniit of the Anipthill Clay is drawn at the bsise of 
a phosphatic nodule bed above which lies true Kimeridge 
Clay. 

Characters and thickneBs. The Ampthill Clay 
consists mainly of black tenacious clays, sometimea car- 
bonaceous, and weathering to a greyish-blue colour. 
Crystals of selenite and some pyrites and a few phos- 
phatic nodules occur in the beds, and thin limestom 
bands, occasionally interrupted or noduSar, are also foon* 
at various horizons. The fossils are often fragraentai 
though plentiful, and are never pyritised, and by thi 
character Mr Roberts says the clay is easily distinguishei 
from the Oxford Clay. The thickness of the Ampthi 
Clay is a matter of some uncertainty, but at Over accord' 
ing to the Survey Memoir' 200 feet of ' blue clay ' t 
pierced, all of which according to Mr Roberts' belongt 
to the Ampthill Clay. At Cottenham the Clay is thin 
ner and at Chettering Farm, 2^ miles N.W, of Upware, i 
is only 26 feet thick. Thus it appears to "thin oa- 
rapidly in an easterly direction and may possibly dia 
appear altogether before Upware ia reached, where it i 
replaced by the Corallian limestones." (See p. 29.) 

Occurrence and expoBures. The lower limit o 
western boundary of the Anipthill Clay is ill define 
owing to the covering of drift and lack of exposure! 
The Clay is worked at Everton, west of Great Gransdei 

' Mem. Geol. Surv. Exptaa. Quart. Sheet 51, S.W. p. 163. 
' T. Roberts, op. cit. p. 48. 
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and north of Caxton; it occurs east of St Ives and has 
been recognised to the north of Needingworth, in the 
railway cutting west of Bluntisham, and at Fenton three 
miles north-west of Somersham. So that its western 
boundary must lie to the west of these places. In the 
southern part of our area the outcrop of the Lower 
Greensand forms its boundary on the east at Everton, 
Great Gransden. Eltisley, and Papworth. 

This narrow band of Ampthill Clay widens out north 
of Papworth and forms the low ground north of Boxworth, 
around Longstanton, Over, and Willingham, being bounded 
on the east by the Lower Kimeridge Ciay of Knapwell, 
Oakington, and Willingham. Beyond Somersham it sinks 
beneath the Fenland, but Mr Roberta has traced it 
through Lincolnshire as a wel! defined band with the 
same characters as in Cambridgeshire'. 

Of the exposures of the Ampthill Clay the best and 
most accessible is in the pit at Gamlingay Bogs where 
the following section is seen^: — 



I 



(it) Lower Greensand 

( 1 ) Grejish-hlflok olaya 

(5) Grey argillaceouH linieatoue 

(3) Black clays 

(4) Grey argillftceoua limestone 

(« Oky 2 lo 3 r«t) ^ ^ 

(6) Calcareous bed— not pierced/ 



There are two pita near Great Granaden, and in a 
biickyard north of Boxworth good sections are exposed. 
In the easterly pit at Boxworth occurs a limestone band 
composed of two nodular beds and measuring two to three 



1^ 



T. KobertB, " The Upper JitiasBic Cla7s af LincoluBhire," <J. J. G. S. 
T. Koberts, J^iip'. Rocka of Camb. p. 37. 
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feet iu thickness. Prof. Seeley' describes a thin limestoui 
in the Bosworth pit in the clay beds, which has been 
termed the " Boxworth Rock," but it appears to be very 
variable and of subordinate importance. 

The long cutting on the Somersham and St Ives 
Railway near Bluntisham shows the Ampthill Clay, and 
two brick-pits at Fenton give exposures of it. At St Ives, 
immediately resting upon the St Ives Rock, there is a 
thin layer of clay which undoubtedly belongs to the 
horizon of the Ampthill Clay. 

Bconomlca. The Ampthill Clay is dug for brick- 
making purposes at Gamlingay, Boxwori^h, Fenton, ancl 
other places. 

Agriculturally it has ail the characters of the Oxford 
Clay. 

Paleontology. The fauna of this Clay, taken with its 
stratigraphical position and relations, proves that the h 
on the horizon of the CoralUan beds of other areas. There 
is indeed an admixture of Oxford Clay, Corallian, 
Kimeridge Clay forms, but of the 41 species determined, 
30 occur in the Corallian, 15 iu the Oxford Clay and 19 
in the Kimeridge Clay. The Oxford and Kimeridge Clay 
species ave, moreover, principally those which in othel 
areas pass up from the Oxford Clay into the Corallian o 
range from the Corallian into the Kimeridge Clay. 

LThe only invertebrate peculiar to the Ampthill Clay ii 
Ostrea discoidea. The sauriana which are found in thii 
bed are not recorded from any other formation. 
Sitre. 



■ Aim. Mag. Nat. Hist. Srd aer. vol. i. (1862), p. 104; Mtm. Geot. 
Sam. Expian. Qfutrt. Sheet 51, S.W. p. 7 ; T. Boberts, oji. <:it. p. 11. 
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. 1 


List op Fossils fbom the Ampthiil Clay 


N CAMBRIDCiESHIHEi, 1 


i 


1 


1 


j|i 




s 






Reptiua. 








CryptodTacoeumeni»%6&\Bj 








Plioiavnti pachydeinu Seeley 








MOLLDSCA. 








Cephaloiwdft, 








AmmonUes Achilles D'Ovh 








„ olteniamN on '&\xcb 
















„ biplexSofi 






X 


„ cordatut Sovi 








„ var, caiBtonensu Bl. 








andH 








„ ej^conaiw Sow. 








plicatilis Sov/. 




X 




„ terratuiSow 








„ vertebralu Soif 








Selemnita ahl»-ematug mn 








„ excentricat BMav. 








„ nitidm Dollf. 










X 


"" 


1 


EteBteropoda. 
Alana bupinosa Phil 




X 




CerUhium miiricat-am Sow 








Pleitrotomaria ap. 








L&mBllibrancliiata. 












? 


^ 


Aitarte mipTacorallina D'Orb 




X 


J, 


Cardivmnp. 
















Cuadiaa contracta ¥\al 
















^^cea dSatata Bow 


y 


X 




^^ i«Mtosp 








^^k 1 T. BobertB, op. cit. p. 49 


^ 




^ 
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Mollusc A (cont), 
Lamellibranchiata (cont.), 
Lima pectiniformis Schloth 
Lucina aliena Phil. 
Myacites decurtata Phil. . . 
Hfucvla Menld Roem. 
Ostrea deltovdea Sow. 

discoidea Seeley . . 
Icevitcsculal Sow. .. 
Marshi Sow. 
Pecten fihro9v>8 Sow. 
„ len8 Sow. 
„ Thurmanni Contej. 

Plicatvla sp. 

Thracia d^essa Sow. 
Tngonia daveUata Sow. .. 
paiicicosta Lye. 






>» 



Brachiopoda. 

Discina humphriesiana Sow. 

Annelida. 

Sei^piUa tetragona Sow. ... 

ECHINODERMATA. 

Cidaris Smithi Wright . . . 
PentacrimLS sp 




X 

X 
X 



X 
X 
X 



X 
X 
X 
X 
X 



X 
X 



X 
X 
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THE CORALLIAN ROCKS OF UPWARE'. 

O-eneral remarks. The limestones of Upware form 
a most remarkable exception to tiie almost continuous 
series of clays which represent the Middle and Upper 
Oolites in the midland and eastern counties, for between 
the south of Yorkshire and Wheatley in Oxfordshire there 
is elsewhere practically no calcai'eoiia development of the 
Corallian beds. 

The Upware limestones form a low broad ridge, riaing 
about 20 feet above the surrounding plain and extending 
for about three miles north of the hamlet of Upware, in a 
direction nearly parallel to the course of the river. The 
beds are exposed in two quarries which are now more or 
less overgrown, and the sections described by former 
writers as showing the relation of the overlying beds 
to the Corallian limestones are unfortunately no longer 
visible. The Lower Greensand which forma the shelving 
sides of the ridge baa been largely worked for its phos- 
phatic nodules, but the workings are now abandoned. 

On the western side of the ridge it was stated by 
Prof. W. Keeping that the limestones rose up as a bank 
against which the Kimeridge Ciay rested unconformably, 
but this observation it has not been possible to verify ; it 
was also stated that the base of this clay contained a 

' Sedgwick, Itep. Brit. Assoc. 1846 (1846), Tram. Sections, p. 40; 
FittoD, Tram. G^ol. Soc. sec. 2, vol. it. (1836), p. 307 ; Bonney, Camb. 
Oeol. (1875), p. 16 and Appendix i. ; id. Geol. Mag. 1877, Dec. 2, vol. iv. 
p. *76; Blake and Hudleaton, Q. J. O. 8. vol. iisin. (1877), p. 313; id. 
Oeol. Mag. 1878, Dee. 2, vol. t. p. 90 ; W. Kaeping, The Foiiils, etc. of 
Uptcare (Sedgwick Eaeay. 1883), p. 3 et leq. ; Mem, Oeol. Surv. Explait. 
Quart. Sheet 51, N.E. (1891), pp. 8—13; T. Roberta, Jurasaie Eocks of Cam- 
idge (Sedgwick Ebboj, 1886), pp. 51 — 60. 
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quantity of broken fragments of the limestones. Before 
the deposition of the Lower Oreensand beds there was 
considerable denudation of the limestones and Kimeriiige 
Clay, and the Lower Greensaad was banked up against 
ita sides and probably overlaid the summit, and the Lower 
Gault was then deposited over it. Subsequent erosion 
haa again laid the limestone bare along the creat of the 
ridge. The section on p. 30 (Fig. 4) shows the succession 
and relations of the various formations. On the eastern 
side the succession is much the same as on the western. 

There has been considerable difference of opinion as to 
the arrangement of the Corallian rocks in this ridge. 
That they form an isolated lenticular patch in a great 
mass of clay is agreed, for they have not been met with 
in borings round the ridge. But Fitton' and Sedgwick' 
regarded the limestones as rising in an anticlinal arch 
through the newer beds, whereas Messra Blake and 
Hudleston' held that they formed a synclinal. A fault 
between the two quarries has also been suggested to 
explain the relations of the beds and the dips. 

It haa been proved' by the fossils that the creamy 
white compact limestone of the south quarry belongs 
to the Coral Rag and it is seen that these beds dip 
north at a low angle. Below these hard limestone beds 
there are now visible on the floor of this quarry beds 
which contain the assemblage of fossils found in the 
north quarry. 

In the north quarry the limestones still dip north, but 
are soft and oolitic or pisolitic in character and of quite a 
different appearance from those in the sides of the southern 

' Trans. Oeol. Soc. ser. 2, vol. it. (1836), pi. i. a, fig. 24, 

' SappUment (1861), p. 22, aection 1. 

> Blake irod Hudleaton, y. J. O. S. vol. xsxni. (1877), p. 314. 
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pit. Meflsrs Blake and Hudleston have shown that fibj 
fauna of these soft oolitic limestones belongs to the Cor^^J 
line Oolite which underlies the Coral Rag of other areas. ] 

In order therefore to explain how the northern pitt 
which is practically at the same level as the southern jati 
shows a bed on a distinctly lower palteontological horizc 
than the limestone of the southern pit but with a simila 
northerly dip, we must suppose either that the beds riaa 
northwards from the floor of the southern pit into an I 
anticlinal but bend down again before reaching the 
northern pit; or that a fault with a dowothrow to the 
south exists between the two quarries (FigS:. 5 and 6). 

Considering the fact that the Jurassic beds near 
Bluntisham (see p. 18) are slightly bent over and that 
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no faults have been proved to exist we may perhaps 
regard the anticlinal hypothesis as the most probable 
explanation. 

Characters and thickneas. It has been mentioned 
that the limestones in the two quarries are dissimilar in 
character and are referred to different horizons. 



The Coral Rag. 

In the southern quarry about 20 feet are exposed of a 
creamy-white compact, rather irregular limestone, in parts 
crystalline and with some layers composed entirely of 
masses of coral (Tkamnastrea, Isastrea, Rhahdophyllia, 
etc.). Between these layers of coral the limestone is 
usually softer, more oolitic, and earthy, and from these 
softer beds most of the fossils have been obtained. The 
fossils themselves are usually in the form of casts. Litko- 
domi are not uncommonly found in situ in their borings 
in the corals. Cidaris florigemma, the zone-fossil of the 
Coral Rag of other areas, occurs in this limestone, and 
Messrs Blake and Hudleston have no hesitation in corre- 
lating it with the Coral Rag. 



The CoraUine Oolite. 

In the northern pit (and in the floor of the southern 
pit), on the other hand, there are found friable soft 
calcareous beds composed of large or small oolitic gi-ains 
in a marly iron-stained matrixj with a few harder layers. 
About 9 to 10 feet of these beds were seen in 1873'. 
The pit is now usually filled ivith water, but fossils can be 
' Mem. Geol. Sure. Explan. Quart. Sheet SI, N.E. p. 9. 
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picked up at the water's edge. These beds Messrs Blake 
and Hudleston (loc. cit.) correlate with the Coralline Oolite 
of Yorkshire and other counties, which lies immediately 
below the Coral Rag, and is characterised by Ammonites 
plicatilis. 

The limestones of the Upware ridge have never been 
pierced, so we have no knowledge of their base or of their 
true thickness, or of the underlying beds. 

It has been proved by borings that they thin out 
rapidly on all sides, and it is generally held that this 
lenticular patch of limestone is of the nature of a modern 
coral-reef In this way we may account for its isolated 
position and rich fauna, and in this connection the ' knoll- 
reefs ' of BoUand (Yorks.) in the Lower Carboniferous, 
and the Triassic reefs described by Mojsisovics may be 
mentioned. 

List of Fossils from the South Quarry, Upware. 

Mollusc A. 

Cephalopoda. 

Ammonites Achilles D'Orb. 
„ mutahUis Sow. 

„ plicatilis Sow. 

„ vertebralis Sow. var. cmotonensis Blake & HudL 

Gasteropoda. 

Alaria sp. 

Amherleya princeps Roem. 
Cerithium muricatum Sow. 
Chemnitzia heddingtoiiensis Sow. 
Emarginvla Goldfussi Roem. 
Fissurella corallensis Buv. 
Littorina muricata Sow. 
Natica Clymenia D'Orb. 
„ aytia D'Orb. 
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MOLLUSCA (cont.). 

Gasteropoda (cont.), 

Neritopsis decuMata MUnst. 

„ Chierrei H^b. and Desl. 
Fleurotomaria reticulata Sow. 

„ sp. 

Psettdomdania striata Sow. 
Trochotoma tomatilis Phil. 
TrochiLs sp. 

Lamellibranchiata. 

Anomia suprafurensis Buy. 
Area cerrnda PhiL 

„ anonuda Blake and Hudl. 

„ contracta Phil. 

„ pectinata PhiL 

„ quadrimlcata Sow. 
Astarte aytonenm Lye. 
„ ovata Smith 
„ sp. 
Cardita ovalis Quenst. 
Cardiwm cf. delibatum De Lor. 
CucuUcea elongata Phil, (won Sow.) 
Cypricardia glabra Blake and Hudl. 
Exogyra nana Sow. 
Oastrachcena nwreana Buv. 
GervUlia angustata Roem. 
„ avicvloides Sow. 
Ooniomya v. scripta Sow. 
Hinnites velatua Qoldf. 

„ cf. corallina Hudl. 
Homomya tremula Buv. 
Isoarca mitltistriata Etal. 

„ texata Miinst. 
Zma elliptica Whit. 

„ gibbosa Sow. 

„ loeviuscvla Sow. 

„ rigida Sow. 

„ 9*2M;?t9 Sow. 
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MoLLUSCA (cont.). 

Lamellibranchiata (cont,). 
Litiia sp. 

Lxmna globom Buy. 
„ moreana Buv. 
Modiola hipartita Sow. 

„ [Lithodomus] inclusa PhiL 
„ svhcequiplicata Roem. 
» sp. 
Myacites decwrtata Qoldf. 
„ recurva Phil. 
„ Voltzi Ag. 
MyocoTicha Scemanni Dollf. 

„ tea^ta Buv. 
Mytilua pectinatiis Sow. 
„ rav/radcua Greppin 
„ ungulattis Young and Bird 
Opis arduennenaia D'Orb. 
„ corallina Damon 
„ paradoxa Buv. ? 
„ Phillipsi Morr. 
„ virdunensis Buv. 
Ostrea gregaria Sow. 
„ xolttaria Sow. 
Pecten articulattLS Schloth. 
„ iruBquicostatus Phil. 
„ viminevs Sow. 
Pema subplana Etal. 
Pholadomya decemcostata Roem. 
Pinna lanceolata Sow. 
Plicatvla fistulosa Morr. and Lye. 
Qv^nstedtia Icevigata Phil. 

„ „ var. gibbosa Hudl. ? 

Trigonia meriana Ag. 



Beachiopoda. 

Khynchonella sp. 

Terebratula insignia Sehiibler var. mcUtonenais Oppel. 
„ sp. 
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Crustacea. 

Gastrosacus Wetzleri Meyer 
Olyphea Miintteri Voltz. ? 
. Prosopan marginatum Meyer 

Annelida. 

Serpula depUxa Phil. ? 
„ tetragona Sow. 
Vermictdaria sp. 

ECHINODERMATA. 

Apiocrimis polycyphv>s Merian. 
Cidaris florigemm>a Phil. 

„ Smithi Wright 
ffemicidaris intermedia Flem. 
Millericrinus sp. 
Pentacrimis sp. 
Stomechimis gyratus Ag. 

Collyritea bicordata Leske 
£chinobris8tts scviatus Lam. 
Holectypus depressus Leske 
Hyhoclypus n. sp. 
Pygatter umbrdla Ag. 



These are from the 
beds in the floor of the 
south quarry which are 
of the same age as the 
beds in the north pit, viz. 
the Coralline Oolite. 



ACTINOZOA. 

Isastrcea explanata Goldf. 
MorUlivaltia dispar Phil. 
RhahdophyUia PhiUipsi Edw. and Haime 
Stylina tvhulifera Phil. 
Tkamnastrcea arachnoides Park. 
concinna Groldf. 



» 



PORIFERA. 

Scyphia sp. 



38 THE JURASSIC BEDa 



List of Fossils from thb North Quaert, Ufwarb. 

mollusca. 

Cephalopoda. 

Ammonites Achilles D'Orb. 

„ perarmatus Sow. 

„ plicatUis Sow. 

„ trifidris Sow. 

Belemnites abbrevicUtu MilL 

Gasteropoda. 

Littorina meriani Gold£ 
„ muriccUa Sow. 
PUv/rotcymaria sp. 

Lamellibranchiata. 

OervUlia avicvloides Sow. 
Isoarca texata MUnst. 
Modiola bipartita Sow. 
MytiltLS jurensis Mer. 

„ ungvlattLs Young and Bird 
Opis PhUlipsi Morris 
Pecten fibrosus Sow. 

ECHINODERMATA. 

Collyrites bicordata Leske 

Eckinobrissus sctUcUris Lam. (very common in upper par 

of pit) 
Holectypus depressus Leske (ditto) 
Hyboclypus gihberulus Ag. 
Pseudodiadenia versipora Woodw. 
Pygaster umbrella Ag. 



r 

■ O-eneral 
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THE KIMERIDGE CLAY. 

O-eneral remarks. The Kimeridge Clay is the 
highest Juraaaic hed now seen in the district. Its outcrop 
is comparatively small in southern Cambridgeshire, but in 
the northern part of the county it underlies a large tract 
of fenland. 

It generally forma a low-lying plain more or less covered 
with alluvial deposits, but it also contributes to the forma- 
tion of some of the islands in the Fens, especially the large 
one on which Ely stands. 

Characters and thickness. The Kimeridge Clay 
consists of dark bluu and blackish clays, often shaly and 
laminated, and occasionally so bituminous as to approach 
the character of the Kimeridge Coal. Thin layers of 
limestone in continuous bands or as lines of septaaian 
nodules are also found. A seam of black phosphatic 
nodules marks the base of the clay. Crystals of selenite 
are scattered throughout its mass. The septarian nodules 
are flattened spheroidal or ellipsoidal masses and often of 
large size, commonly measuring as much as three feet 
across. The radiating cracks and sometimes the centre 
of these nodules are filled or lined with calcite in 'dog- 
tooth ' crystals with free inner terminations showing good 
crystalline faces. Fossils are fairiy common throughout 
the clay. 

The thickness of the clay is somewhat doubtful, but 
Mr T, Roberts' estimated it at over 142 feet. In Lincoln- 
shire the formation is very much thicker according to 
Prof. Blake'. 

9, op. cit. p. 74; 31eia. Gcol. Suiv. Sheet 51, N.E. p. H. 
a Q.J.O.S. vol. isxi. (1875), p. 200. 



.III. Clftjs 
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SubdlTUlons'. 

,, Ti- . - „, . L , I (I) vnth I>itc{na laCittima. 

Upper Division, Clays and shales i ' , .,, ,, - , 

'^' •' I (2) with Exogyra mrgula. 

1(1) with Ammonitet alternant. 
(2) with Attarte ^ipracoraUina, 
(3) with OtCrea deltoidea. 
Layer of phosphatio nodulee. 
These divisions aod zones are mostly only of local 
value and differ from those in Lincolnshire', but both 
areas have the lower clay beds marked by an abuudanca 
of Ostrea deltoidea. 

Occurrence. From Knapwell where the mosi 
southerly and westerly exposure in our area occurs a 
narrow hand runs through Bosworth, Oakington and 
Cottenham, beyond which it spreads out beneath the 
fenland of North Cambridgeshire. The chief aectioos 
worthy of mention are those at Haddenham, Ely, and on 
the road to Littleport from Ely. At Haddenham half a 
mile west of the station there is a large brick-pit wheroi 
the following section may be seen': — 

t\ 

(0) Soil 

(1) FerruginoiiB clay 

(2) Mottled clays with Bome calcareous nodulea 

(3) Thin hmestone beds, greyish in colour, but wea- 
thering white, very hard and comiiaot and with cherty 
a]>pearance. . . 

(4) Black teuaoioua clays with few fosaib 

(5) Grey nodular limestone with Ammonites mutabilit 
and some small gastoropods i 

(6) Black clay 

(7) Black clays crowded with very large specimens of 
OUrea deltoidea, underlain by clay containing a considerable 
quantity of black phosphatic nodules... 

' T. Bobeita, op. cit. pp. 66—69 ; Mfm. Gfel Surv. Explan. <i 
Sheet SI, N.E. p. IS. 

■ Q.J.G.S. Tol. iLT. (1889), p. 539. » T. Boberts, op. ti(. p. 63. 
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Mr Roberts says, "The basement bed of the Kimeridge 
Clay, with its numerous phosphatic nodules, ia fairly 
constant in this district, and with the clays crowded 
>vith Oatrea deltoidea overlying it, marks an easily recog- 
nised horizon. Similar beds occur at the base of the 
Kimeridge Clay near Oxford." The presence of this 
seam of phosphatic nodules may point to a slight denu- 
dation at the beginning of the Kimeridge Clay period or 
more probably to a temporary cessation of sedimentation. 
In the famous pit at Roslyn Hill, Ely, there is the best 
section of this clay in the neighbourhood". Mr Roberts 
gives the following section seen on the northern side of 
the pit where the beds dip gently towards the west : — 

ft. in. 
(a) Soil and reassorted clay ... ... ... ... 5 

^L (1) Bitmninoua papery ahale witb, Disoina latiuima 7 
^^K (2) C^carsoua clay with intermpted lines of aeptarian 

^Hbdliles 7 

^Hi (3) Qreyish. black shale with aoiue thin beds of more 
^Bgudy clay ; near its base it is erowded with Exogyra virgula 3 
^B (4) Dark grey shales with Ammonites alternaiu, etc. 1 G 

^k (6) Thin ferruginous layer 2 

^^H (6) Greyish shale with three aandy layers ... ... 5 

^^H (7) Orejish sandy shale with Trigonellites 3 

^^P (8) Sandy clay with intemijited lines of septariaii 

nodules 1 

(9) Bluish clay with fragmentary fossils ... ... 1 6 

(10) Papery shale somewhat aandy and crowded with 
fossils, passing down into a more arenaceous bad. This is 
separated by a thin layer of clay from another sandy bed 

containing few fossils S 

> Seeley, Geol. Mag. toI. n. (1865), p. 539, yol. v. (1868), p. 8*7; 
Fisher, Proc. Camb. Pliil. Soe. Part iv. (1867), p. 51, Gfol. Mag. vol. v. 
(1868), pp. 408, 18S; Bonney, Cuinl. Geo!, p. 20 and Appendis u., Proc. 
Camb. Phil. 8oc. 1872, Ft. sni. p. 268; Blake, y. J. G.S. vol. nxir. (1876), 
p. 201; T. Roberts, ojj. CI f. p. 06; Mem. Geol. Surv. ExpJan. Quart. Sheet 
51, N.E. p. 15. 
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(11) Bliiish clay 

(12) Saridj shales with few foaaila 

(13) Dark blue clays 

(14) Fissile sandy shales with Aatarte i 
a abundance 

(15) Dark clay 



On the road from Ely to Littleport there are three 
brick-pits in all of which sections may be seen. In the 
pit situated' at the fourth milestone from Ely near the 
summit of the high ground on which Littleport stands^ 
there is a good exposure of beds intermediate in strata 
graphical position between those seen at Haddenham a 
those seen at Ely. The following section is given bj 
Mr Roberts': — 

ft.] 

(a) Soil and gravel 

(1) Dark blue clays with small crystalB of selenita and 
few fossils 6 

(2) Layer of isolated aeptariaa nodules lying in greyish 
sandy and calcareous shale with Astarte fapracorallina ... 

(3) Dark ulays with some thin arenaceous beds ... II 

(4) Grey very ai^Uaoeous limestone with Trigonia, etc. I 

(5) Black clays 4 

(6) Very compact limestone, somewjiat nodular in one 
part of the section ... ... ... ... ... ... 1 

(7) Dark blue tenacious clays 3 

The beds here dip north-west at about 5°. 

The papery shales with Discina latissima which ai 
seen in the Roslyn pit are the highest beds of tl 
Kimeridge Clay of this district, while the phosphat 
nodule bed west of Haddenham forms its base. 

' T. Roberta, op. cit.p. 71. 
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Economics. The Kimeridge Clay is dug for brick- 
making in many places, as at Haddenham, Ely, and 
Littleport. It is also used for the river banks and for 
tamping the dykes in the Fens. 

Note. A limb-bone of a Plesiosaurian which was found 
between Littleport and Ely is marked with several grooves 
and scratches which point to the carnivorous habits of the 
larger fishes and reptiles*. 



List op Fossils prom the Kimeridge Clay op 

Cambridgeshire. 

Keptilia. 

Cimoliosaurus trocharUerivA Owen 

„ truncatvs Owen 

Dacosawrua maximum Plieninger 

„ sp. 

Gigantoaaurus megalonyx Seeley 
Ichthyosaurus chalarodeirus Seeley 
„ hygrodeirus Seeley 

„ trigonus Owen 

Metriorhynchus sp. ? 
Peloneuates oequalis Phil. 

„ sp. 

Pliosaurus hrachydevras Owen 

brachyspondylus Seeley 
grandU Owen 
macromerus Phil. 



nitidus Phil. 



>» 



Steneosaurus sp. 
Thalassemys Hughii RUtim. 

Pisces. 

Asteracanthus carinatus McCoy 
„ orncUissimus Ag. 

1 T. M«K. Hughes, Tram. Vict. InstiU May, 1889. 
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Pisces (cont,). 

Ditaxiodvs impar Owen 
Ewrycomms grandis Woodw. 
Ch/rodria sp. 

„ umbUicatus Ag. 
Hyhodus acvius Ag. 

„ Fischeri Newton 
IschyodtLS sp. 
Lepidotus sp. 

Leptacantktts semicostatus McCoy 
Macropoma mbstriolatum Huxley 
Pachycormus sp. 
&phenjonchu8 sp. 

MOLLUSCA. 

Cephalopoda. 

Ammonites altemans Von Buch 

„ biplex Sow. 

„ calisto D'Orb. 

„ cordattbs Sow. var. excavatus Sow. 

„ eudoxtis D'Orb. 

„ longispinus Sow. 

„ mutdbilU Sow. 

„ rotundua Sow. 

„ trifldus Sow. 

Belemniies ahhreviatua Mill. 



)) 



explanatiLS Phil. ? 
„ nitidu8 Dollf. 

TrigoneUites {Aptychvs) latus Park. 

Gasteropoda. 

Alarkb trifda Phil. 
Delphinula nassoides Buv. 
Dentalium Qtienstedti Blake 

Lamellibranchiata. 

Anomia Dollf usd Blake 
^rca moaends Buv. 
r^^ict^^ato Blake 



» 
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MoLLUSCA (cont.), 

Lamellibranchiata (cont.). 

Area rhomboidalis Contej. 

„ rustica Contej. 
Agiarte avata Sow. 

„ supracorallina D'Orb. 
Avicida oedilignensis Blake 

„ costata Sow. 

„ dorsetensis Blake 

„ echinoUa Sow. 

„ incequivalvis Sow. 

„ nummulina Blake 
Cardium striatvlum Sow. 
Exogyra nana Sow. 

„ virgida Defr. 
Chryphoea dUatata Sow. ? 
Lima pectiniformis Schloth. 
Lucina minvscvla Blake 
Mactromya ragosa Eoem. 
Myaxsites sp. 
Myoconcha sp. 
Nv^cvla Menhi Roem. 

„ ohliquata Blake 
Ostrea deltoidea Sow. 

„ gregaria Sow. 

„ Iceviuscula Sow. 

„ monsbdiardenais Contej. 

„ solitaria Sow. 
Pecten demissus Phil. 

„ Qrenveri Contej. 

„ Urn Sow. 

„ sp. 
Pema Flamharti Dollf. 
Pholadomya ovalis Sow. 
Pleuromya donacina Ag. 
Thrada depressa Sow. 
Trigonia elongata Sow. 
„ Pellati Mun. Chal. 
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Brachiopoda. 

Biscina latissima Sow. 

„ sp. 
Lingula ovcdis Sow. 
Rhynchondla inconstans Sow. 
„ pinguis Eoem. ? 

TerehrcUvla Oeaneri Etal. 

Annelida. 

Serpvla iTUestinalU Phil. 

„ tetragona Sow. 
Vermicvlaria corUorta Blake 
Vermilia sulcata Sow. 

ECHINODERMATA. 

Cidaris spinosa Ag. 
„ sp. 

Crustacea. 

Cythere oequalis Blake M.S. 
Cytheridea Ruperti Blake M.S. 

„ triangulata Blake M.S. 

Pollidpea Hausmanni Koch and Dun. 

PROTOZOA. 

FORAMINIFERA. 

Cristdlaria lasvigata D'Orb. 
Marginvlina gracilis Corn. 

„ la^a Com. 

Planularia strigilata Eeuss 
Vaginulina harpa Roem. 

„ striata D'Orb. 




The greater part of Cambridgeshire is occupied by 

■beds belonging to this system, though concealed over h 

ptracts by Post-Tertiaiy deposits. The Lower Greensand 

forms its basement bed. The Upper Chatk above the 

Zone of Micraster cor-testudinarium has been completely 

removed by denudation. 

The "Cambridge Greensand" is of special interest, but 
It the peculiar characters of the Lower Greensand, the change 
[ in the Gault when traced northward, and the rock-beds in 
I "the Chalk are all worthy of particular attention. 



THE LOWER CRETACEOUS. 

THB LOWER GREENSAND. 

Creneral remarks. The lowest beds of the Lower 

L Greensand are entirely absent in England, and in our 

I district only that part which is held to correspond to the 

Ivery uppermost part of the Aptian of the Continent is 

3sent at all'. In the Midlands and the eastern part of 

Ingland the so-called Lower Greensand represents only 

' See Text-book of Ctymparative Geology, hj Kayeer and Lake, 1693, 
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^M the higher divisiona of the Lower Greenaand of the south 

^B and Bouth-eastern counties. It is not believed to include 

^M any part of the Neocomian of D'Orbigny. For this 

^1 it Eeems undesirable to introduce that term at all into, 

^B English Geology, especially in view of its different appli- 

^m cations on the Continent and the many points of dispute 

H connected with it. 

^1 Relation to underlying and overlying beds. 

^B in the midland district, the Lower Greensand in the 
^P eastern counties rests uncoa form ably on the Upper Jurassic 
rocks which prior to its depositiou had suffered consider-i 
able erosion. Thus, while in Buckinghamshire it rests 
sometimes on Purbeck and sometimes on Portland beda^ 
at Sandy in Bedfordshire ic directly reposes on an eroded 
surface of Oxford Clay, and as it ia traced north-eastwards 
by Gamlingay, Gransden, and Eltisley it appeai-a gradually 
to creep over the edges of higher and higher members of 
the Upper Jurassic series. The Ampthill Clay lies im- 
mediately beneath it at Gamlingay and Caxton', and' 
further to the north-east at Cotteuham and again at Ely 
the Lower Greensand is seen to be underlaid by Kimeridge 
Clay. At Upware it was recorded by Mr W. Keeping to 
have been seen banked up against the Corallian limestone 
knoll, while in the immediate neighbourhood to the ftest 
and east of the ridge it rests on Kimeridge Clay. The 
Upware section however ia no longer exposed and the 
original interpretation has been disputed. 

This unconformable traDsgreesion of the Lower Green- 
sand over the older Mesozoie beds is a notable feature i 
the geological maps of the district. 

' T. Eaberts, The Juraseie Rocke of Camhridgeshite (Sedgwick Eaaay 
1886i, p. 37. 
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In some places the Gault overlaps the Lower Green- 

md, or even entirely passes over its outcrop in such a 

■fray as to suggest an unconformity ; but at Gamlingay in 

^mbridgeahire and West Dereham in Norfolk there 

i to be a complete passage between them. 

The strike of the Lower Greensand in Cambridgeshire 

and Bedfordshire is north-east and south-west. The local 

distribution and character of the bed have probably 

been influenced by the Palseozoic barrier or platform now 

mderlying Norfolk and Suffolk, part of which was probably 

ill above water at the time of its formation. In Norfolk 

the strike bends round to a north and south direction. 



Characters and thlcknesB. The thickness and 
Characters of the Lower Greensand are very variable. 
[While in Buckinghamshire and Bedfordshire the beds of 
Wllow and white sand attain a thickness of over 200 feet, 
t^^. 250 ft. at Fenny Stratford, and about 220 ft. at 
I Wobum, at Ampthill they are only 30 ft. thick because 
l&iuch of the top has been removed by denudation. 

At Sandy on the right bank of the Ivel the sanda are 

[about 100 ft. thick, but throughout Cambridgeshire do not 

VfKceed 70 ft. in thickness, frequently being very much 

, as for instance at Upware where the beds are only 

^2 ft. thick and seem on the point of thinning out alto- 

I gether owing to the original unevenness of the surface of 

deposition. At Wicken they are only about 8 ft. thick, but 

in south-west Norfolk their thickness has increased and 

averages 150 ft. 

The composition and lithological characters of the 

lower Greensand likewise undergo a considerable amount 

modification when traced north-eastward along the 

In the southern part of its outcrop and throughout 
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Cambridgeshire the formation consists of brown, yelloi 

and white sands where exposed at the surface and oxidised,] 
but where proved in borings they are of a deep green 
colour ; they are more or less ferruginous, friable and soft, 
with some beds of loam, ironstone, gravel, and fine conglo- 
merate intercalated. Near their base in Buckinghamshire 
there are pebbly beds containing brown phosphatic nodules 
— the so-called ' coprolites' — which have been worked at 
Brickhill, near Bletchley, and in Bedfordshire at AmpthiU 
and around Sandy and Potton (see p, 53). At Woburn » 
bed of Fuller's Earth, 12 feet in thickne.ss, occurs rather 
below the middle of the sandy series and haa been dug £ar 
the last 150 years. The sands are frequently false-bedded 
and contain ironstone-concretions. Carstone, which is an 
indurated ferruginous sandstone, occurs in subordinate 
layers in Bedfordshire and in parts of Cambridgeshire, and 
is largely used for building stone. This hardening of the 
sand is however only a superinduced character of com- 
paratively recent date and it does not mark any definite 
geological horizon. Seams of phosphatic nodules were 
found at Upware with pebbly sands and conglomerates, 
and again at Wickeu. When traced further north- 
wards, impersistent beds of clay are intercalated and' 
alternate with sandy layers, but are specially characterietio 
of the middle part of the series, as at Heacham in Norfolk. 
A thick bed of carstone occurs at the top of the Lower 
Greenaand in the latter county and is well seen on the 
foreshore at Hunstanton, while the lower sands (which 
resemble hthologically those of Sandy and Wobum) occupy 
!ar Sandi-ingham, From Heacham to 
Sandringham the Lower Greensand forms a marked ea- 
carpment. 

At Hunstanton (Fig. 7, p. 84) the Lower Greensand 
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consists of a thick earstone with iron-sands and pebble beds 
and a zone of nodules at the tase of the series. Theae 
contain derived and rolled fossils characteristic of the 
Atherfield Clay as at Upware and Potton (Ammonites 
Martini, A. Deskayed and Ancylocerasgigaay. The pebbles 
scattered throughout the whole series and occurring in the 
conglomerates also resemble very closely those of Potton 
and Wicken, though they are generally of a smaller size. 

The nodule beds of the Lower Greensand do not seem 
to be all on the same horizon, and are im persistent 
throughout the whole area. At Strethani phosphatic 
nodules are distributed promiscuously throughout the 
beds and are not aggregated into special layers. 

Occurrence. In Buckinghamshire and Bedfordshire 
the Lower Greensand has a wide surface-outcrop which 
runs from Leighton Buzzard through Woburn, Ampthill, 
Shefford, Sandy, and Potton. From Woburn to Shefford 
it forms a range of hills, and a,t Sandy the river Ivel cuta 
across the strike and its escarpment forms a pietureaque 
cliff 50 to 60 feet in height on the right bank. From 
Sandy through Everton to Gamlingay in Cambridgeshire 
the sands give rise to important features in the landscape, 
and the difference of the scenery on the Lower Greensand 
of this part from that of the rest of Cambridgeshire cannot 
fail to arrest attention. The sandy steep-sided hills 
scantily clothed with gorse, heather, broom, and Scotch fir, 
and the wide breezy expanses of sterile common, supporting 
on the poor soil little vegetation except gorse, are in 
striking contrast to the tameness of the neighbouring 

" WJltahiie, Q. J. O. 8. vol. isv. (ia69), p. 188, and W. Keeping, The 
ttiU of Upvare, etc. (aedg. Essay, 1879), pp. 33 and 56. 
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^P landscape, and remind one of the country around Hasli 
^M mere, at the western extremity of the Wealden anticline, 
^M where the same formation gives rise to juat the same typo 
^1 of surface-feature but on a larger scale. 
^P North-east of Potton the Lower Greensand is completely 

■ concealed by a thick covering of Boulder Clay, from which 
it emerges east of Boxworth with a narrow outcrop and- 
much reduced thickness. Tracing it further 
strike in the same direction we find the outcrop widening 
somewhat by the long straight track marked " Via Devana' 
on the Ordnance Map, and stretching past Oakington to- 
Cottenham with a surface -breadth of about half a mile. 
River-gravel then overlies it for some distance, but it 
reappears near the Plough Inn on the Cambridge and Ely 
road and passes under the fen to Upware and Wicken, 
Further north on the left bank of the Oiiae it forms a long 
spur of higher ground reaching by Stretham, Wilburton, 
and Haddenham to Aldreth. There ia another patch — aa 
outlier — at Ely which forms the higher ground for about 
1 J miles south-west of the Cathedral and to a less distance 
to the north-east of it. A broad expanse of fenland then, 
conceals its northerly extension aa far as Denver in- 
Norfolk. 

Economics. The phosphatic nodules which occi 
generally in layers in the Lower Greensand have b( 
worked in the neighbourhood of Cambridge at various 
places along its whole outcrop. Chief among these locali- 
ties are Erickhill, near Bletchley, Potton, Upware and 
Wicken. (For analyses of the nodulea see p. 61.) 

As the phosphatic nodules are commonly associated 
with pebble beds, the nodules have to be picked out, 
and the refuse is commonly used for road metal, and 
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indeed these beds sometimes contain so little phosphate 
that they are useless for any other purpose thau laying on 
the roads. 

The Lower Greensand forms the most important water- 
bearing stratum of the district, and wells are sunk into it 
in many places'. Below the town of Cambridge the 
Lower Greensand is struck at a depth of about 125 feet ; 
and at the Cherry Hinton Waterworks a soft brown sand 
belonging to it and containing water was reached at a 
depth of 176 feet from the surface. 

The Lower Greensand does not possess in Cambridge- 
shire a sufficiently wide outcrop to be of much importance 
agriculturally, but where it forms the surface rock it may 
be traced across the fields by the redness and warmth of the 
soil. Around Sandy the soil on it is very poor and barren, 
but the wash from the sandy hills over the heavy clays of 
the surrounding plain has much to do with the fertility of 
the market-gardens of the Ivel valley. 

The carstoue is locally used for building purposes, and 
the sands are used for glass making. 

II Special localities, 
^ Sandy and Potton^. 
< Though these places are situated just outside the 
Cambridgeshire boundary yet they are so frequently 
visited from Cambridge od account of their accessibility 
and the existence at them of the only good exposures of 



1 See Mevi. Geol. Suit. Explan. Quart. Sheet 51, S.W. p. 155 el seq. 

■ H. G. Seeley, "On the Potton Sands," Proc. Camb. Phil. Spc. I. 

^866—7), p. M; Jnn. Mag. Nat. Hist. vol. ii. 1867, p- 33; J.J. H, 

eall, The Pottan and JVicken PJwtphatic Deposits (Sedgwick Easay, 

■l87S). 
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tlie Lower Grcensand in the neighbourhood that i 
account of them ib necessary. 

At Sandy, close to the railway station, there is a fiofll 
cliff-exposure— over 50 ft. high — of the lower part of the 
Lower Greensand of the district, consisting of yellow, 
white, brown and red fen'uginous ill-compacted : 
bedded sandii. The upper beds are exposed in qoairietf 
1 Sandy Heath. 

The loose lower sands by the railway contain n 
roos ironstone concretions, with their interior filled with 
white sand. The mode of their formation accordii^. 
to Jukes-Browne^ is as follows : — The iron peroxide wit^ 
which the sands are charged separates into very thin. 
lines which simulate stratification.. These thin lay^fl 
sometimes follow the lines of true-bedding and sometimes 
those of false -bedding. After reaching a thickness of 
about J inch and a distance apart of some 3 or 4 inches 
they begin to bend towards each other at intervals 
varying from 4 inches to a foot or more in length, and 
ultimately meet, enclosing patches of sand. The ironstone 
shell of each concretion thus formed increases in hardness 
and thickness by the further segregation and elimination < 
of the iron from the surrounding sand and enclosed sandy 
nucleus. Ultimately when the whole of the iron '. 
been concentrated in the shell the kernel of sand is left 
soft and white. Another view that they are formed in 
relation to joint planes by the segregation and infiltration 
of the iron along these cracks seems to be more probable. 

Layers of these ferruginous concretions in all stages of 
formation and of various shapes — tabular, cubical, spherical 
or irregular — may be seen in the pits, and when of a 
fairly rectangular shape are known as 'boxstones.' 

1 Mem. Geol. Sun: Explan. Quart. Sheet 51, S.W. (1881), p. 12. 
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At the western end of the great cliff of sand at Sandy, 
Bimediately under a small bridge that crosses the line 
f rail to the brick-pits in the Oxford Clay, there is an 
wcellent section in the bank showing the Lower Green- 
land resting unconformably on the eroded edges of the 
Oxford Clay, which here contains several thin bands of 
p,impure limestone (see p. 10). 

The loose sandy beds, so well seen in this cliff at 

indy, forming the lower part of the Lower Greensand of 

^is district, underlie the conglomerate which is worked 

1 the top of the plateau nearer Potton for the nodules 

ihate of lime — wrongly called 'coprolites' — with 

^hich it is crowded. 

The whole series varies much from place to place, so 

'that very different sections may be seen within a few 

yards of eaeh other. Teali' gives the following section on 

Sandy Heath and it may still be made out more or less 

■plainly in the pits. 

(1) Sands, slightly indurated, atratifiod horizon- 

3ft. 

Coarse ferruginous sand, false bedded, con- 

g hard flaggy bands of deeply coloured saud- 

; the banda frequently ramifying in a peculiar 

ir in conaequonce of the concretionary tendency 

fWthe oxide of iron (limonite and haematite) ... ... 4 — ^5 ft. 

(3) Horizontally stratified sandstone, with small 



2 ft. 10 ins. 

aft. 



{4) Nodule bed 

[(5) Sanda, not exposed in this section.] 

A well is stated' to have been sunk in these sands 
)elow the nodule bed for 50 ft.; and their thickness must 
e still greater. 



), p. 153. 
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^r The nodule bed (No. 4 m thia section) is composed of 

H phosphatic nodules and pebbles, mixed in about ( 
^B proportions in a matriK of ferruginous sand, and, though 
^B commoaly about 2 feet, sometimes reaches as much as 
H 6 feet in thickness' or diminishes to 6 inches 
V The Nodules. The nodules, which are of a light brown 

colour on the outside but have a much darker interior, 
consist of casts of molluscs, reptilian bones, etc. and c 
amorphous lumps of phosphatic material. Nearly all are 
in a more or less rolled and water-worn condition, i 
frequently pierced by small boring Modiolw. The nodulea 
vary in size from that of a pea to a fowl's egg and some- 
times are even lai'ger. 

It is now generally agreed that the great majority if 
not the whole of the phosphatised fossils are derivative. 
Most of the moUusca which can be identified amongst 
them belong to Jurassic species (see list, p. 59). The 
commonest fossil in this condition is Avtmonites bipleiei> 
and Mr Teall says that at least half of the nodules e 
portions of casts of this ammonite. 

I Owing to the mixture of non-phosphatic pebbles in 

the conglomerate the nodules have to be picked oat by,' 
hand. 
The Pebbles. The pebbles themselves are of great 
interest and give some indication of the probable source of 
the sedimentary material. They are of various sizes, and 
consist of grey and red quartzite, white vein-quartz, lydian- 
ite, jasper, chert, ferruginous conglomerate and ironstone 
concretions. A block of gneiss of over 100 cubic inches 
in volume was found with other large boulders hy 
Mr Teall. 
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The Fossils, In addition to the derived fossils which 
are in a more or less imperfect aud worn condition there 
lire some which occur in a totally different state of pre- 
servation. These are the ferruginous shells and boring 
molluscs which represent the indigenous fauna that lived 
■contemporaneously with the formation of the bed. The 
of the period is chiefly represented by fairly numerous 
■temaina of coniferous trees. 

These non-derivative fossils are generally not rolled 
or water-worn. Their ferruginous condition is due to the 
replacement of the caleite by iron oxide derived from the 
surrounding sands by the agency of percolating water. 

Of the species identified in this contemporary non- 
derivative (anna eight are found in the Lower Green- 
sand of the south of England, three occur at Faringdon, 
and five of the others are peculiar to the Pot ton 
deposit. Four or five of the fossils range up into higher 
beds. The presence of rolled true Lower Greenaand 
fossils {Arnmonitea Deshayesi, etc.) in the nodule bed 
proves that there were earlier Lower Greensand deposits 
of the age of the Atherfield Clay and possibly belonging 
to the lower part of the Hythe Beds in this or adjoining 
areas which were broken up and eroded prior to the forma- 
tion of the Polton bed. This fact taken in conjunction 
with the character of the indigenous fauna and with the 
evidence from Upware and from Kent and Surrey (see 
p. 62) leads us to consider the Sandy and Potton deposits 
to be approximately the equivalents of the upper part 
of the Hythe Beds of the southern counties. 
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List op non-derivative Fossils of the Potton 

Lower Greensand. 

Brachiopoda. 

Rhynchonella aoUtdichotoma Buv. 

„ latissima Sow. 

Terehratvla Ballast Walk. 

„ depressa Sow. 

„ prcelonga Sow. 

Waldheimia ta/marind'OB Sow. 

MOLLUSCA. 

Gasteropoda. 

Pleurotomaria gigantea Sow. 
Lamellibranchiata. 

Cyprina Sedgmcki Walk. {IC, angrdata Flem.) 

Exogyra 2 sp. 

Lucina vecterms Forbes ? 

Modwla cequalia Sow. 

Ostrea macroptera Sow. 

Pecten robinaldmua D'Orb. 

Pkoladidea Ballast Walk. 

Thetis minor Sow. 

Trigonia aloeformis Park. 

PLANTiE^. 

Cladophlebis Albertsi Diinker 
Pinites cylindroides Gardner 
„ pottoniensis Gardner 
Fragments of coniferous and cycadaceous wood 

List op derivative Fossils in the Lower Greensand 

OP Potton. 

(1) Miscellaneous derived fossils of doubtful horizon. 
Reptilia. 

Bacosawus sp. 
Plesiosaurus sp. 
Pliosaurus sp. 

1 J. S. Gardner, Geol. Mag, Dec. 3, vol. in. (1886), p. 499. 
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Pisces. 

Acrodus strophmdes McCoy 
Edapkodon sp. 
Oyrodus sp. 
Hyhodus sp. 
Pycnodtis sp. 
Sphenonchus sp. 

MOLLUSCA. 

Belemnites sp. 
Various gasteropods 
Cyprina sp. 
Linia sp. 

Modiola 2 or 3 sp. 
Myacites sp. 
Pholadomya sp. 

(2) From the Lower Greensand. 

MOLLUSCA. 

Ammonites Deshayesi Leym. 
Ancyloceras gigaa Sow. ? 
Littorina (several sp.) 
ITietis minor Sow. 
Trigonia spinosa Park.? 

(3) From the Wealden and Purbeck beds^. 
Reftilia. 

Iguanjodon MarUeUi Meyer (bones, teeth, and scales of this 
genus very numerous) 
„ bemissartensis Boul. 

PliANTiE. 

Endogemtes erosa Mant. 
Kaidacarpum minus Carr. (? derived) 

(4) From the Portland beds. 

MOLLUSGA. 

Bv/cdnum naticoidev/m Sow. 
Neritoma sintLosa Sow. 

^ For partioalars of reptilian remains see Prof. Seeley's Index to 
JReptilia, etc. in Woodw, Mus, (1869), pp. 74—80. 
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by Gault. The lower nodule bed is richest in fos 
indigenous and derived, and ia often cemented into a 
coDglonierate. In the sandy matrix in addition to th# 
nodules there occur pebbles very similar in character to^ 
those at Potton. The nodules are of two colours, light 
and dark ; the light ones are like those of Potton, while 
the others contain a smaller percentage of phosphate. 
HoUed fossils fixjm the Lower Greensand of other areas, 
e.g. Am/tnonites Deshayesi, occur here as at Potton, 

Upware^. 

The succession of the beds, which were here at one time 
exposed to view, is as follows (Fig. 4, p. 30). Lowermost 
is the Coral Rag of Upware ; upon this rests Kimeridge 
Clay. Since the upper part of the Corallian knoll was 
stripped of its covering of Kimeridge Clay during the 
formation of the Lower Greensand the latter overlapc 
the denuded edges of the Clay and comes to rest t 
the limestone. The process of erosion which resulti 
in this relation of the beds caused the formation of t 
peculiar layer at the base of the Lower Greensand where 
it rests on the Coral Rag. This peculiar basal layer is 
composed of fragments of the Coral Rag imbedded in t 
matrix of worked-up Kimeridge Clay. Above this layer 
is a pebbly sand and rocky conglomerate about 1 ft., 
thick with nodules of phosphate of lime and many welU 
preserved moUusca, The pebbles are similar to those &% 
Potton, and are mostly subangular in shape. Here andi| 
there the materials of the conglomerate are cemented, 
together by carbonate of lime, 

' W. Keeping, The FotaiU of Upicare, etc. (SeiJgwiclc Eseay, 18S3) 
Bonney, Camb. Geal. Appendis i. 
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This lower nodule bed is succeeded by red and yellow 
sand. On this lies the upper nodule bed with paler- 
coloured nodules and little carbonate of hme. The 
pebbles are the same as in the lower nodule bed. Above 
this there ia a layer of yellow sand, and then a bed of 
clay about 1 ft. thick which has been referred by some 
observers to the Gault. Besting on this is undoubted 
Gault with a nodule bed 5 inches thick at its base and 
rich in characteristic fossils. The total thickness of the 
Lower Greensand here ia about 12 feet. Even in the 
immediate vicinity of XTpware the nodule beds are ira- 
persistent and there may be only one present or as many 
as three. 

The nodules themselves vary in colour from a dark 
chocolate to a pale yellow. They are sometimes recog- 
nisable casts of fossils, and sometimes irregularly shaped 
masses, and are often honeycombed by boring organisms. 

In addition to these ordinary derived phosphatio 
nodules there are a few contemporaneously formed nodules 
consisting of a fine agglomeration of sand grains and 
phosphatic fragments, but these are accidental and of no 
commercial or scientific importance'. 

The Fossils. The fossils which are found in this series 
of sands and nodule beds of the Lower Greensand at 
Upware are partly derived and partly indigenous, as at 
Potton. 

The indigenous fauna is large, consisting of more than 
150 species (see list, p. 65), according to Keeping. The 
rich development of the Braohiopoda and of the large 
sponges and Polyzoa ia a marked feature of the fauna. 
Some of the vertebrate remains are derived, others are 

' W. Keeping, The Fouih of Upicarc. etc. p. 11. 
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probably indigenous, but the separation of these ia veiy 
difficult'. 

The derived fossils which constitute the great majority 
of the nodules mostly belong to Jurassic species, and are 
much rolled and water-worn and pierced by boring organ- 
isms. They belong to species ranging from the Oxford 
Clay up to and including the lower bods of the Lower 
Greensand. Most of them are in the form of casts and 
are preserved in phosphate of lime, but the Oxford Clay 
fossils are in limonite and the wood ia ailicified, while the 
Corallian specimens have not suffered any chemical change. 
The vertebrate remains are more or less impregnated with 
iron or phosphate of lime. It is a remarkable fact that the 
fossils derived from early Lower Greensand beds are as 
thoroughly phosphatised and as much worn as those from 
the Jurassic beds. The phosphatising process must have 
gone on very quickly after the deposition of the sediments, 
for the horizon of some of these derived fossils is as high 
as that of the continental Aptian. 

But in addition to the phosphatised Lower Greensand 
fossils there occur others as casts in ragged, eroded lumps 
of dark grit. Similar fossils in the same kind of rock 
occur at Potton and Hunstanton. It was held by Pro£ 
W. Keeping' that these blocks are derived from the lower 
sands of the Lower Greensand similar to those at Donning- 
ton, in Lincolnshire, and that they are the sole remnants 
of a bed which, previous to the formation of the ITpware, 
Potton and Hunstanton Lower Greensand, covered an 
extensive area. 

' W. Keeping, The Fomila of Upware, etc. p. 30. 
" Of. eit. p. 87. 
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List op non-derivative Fossils op the Lower Greensand 

OP Upware. 

(From Prof. W. Keeping's list in The Fossils, etc, of Upware, 1883.) 
Reptilia. 



Crocodilian teeth and 
fragments of bones. 
Dacosaurus sp. 
Ichthyosavras sp. 

Pisces. 

Acrodtbs sp. 

Qyrodus sp. 

Hyhodus sp. 

IschyodtLS Tovmsendi Buckl. 

Lepidotiis mcuvimtis Wagn. 

Otodus or Oxyrhina sp. 

Pyonodus Covloni Ag, 

SphenoTichus sp. 

Strophodvs (with Asteracanthtbs) 

MOLLUSCA. 

Cephalopoda. 

Ammonites comueliayius D'Orb. 

Deshayesi Leym. 

sp. 
Ancyloceras HUlsi Sow. 
Belemnites pistUlifwmis Blainv. 

suhfusiformis D'Orb. 

upwarensis Keeping 

Gasteropoda. 

Cerithium mxirollinum D'Orb. 
„ Tieocomiense Forbes 

Littorina cantahrigiensis Keeping 
upwarensis Keeping 
varicosa Keeping 
sp. 
Perinea tumida Keeping 
„ sp. 

R. 












Iguanodon sp. 
Plesiosaurus sp. 
? Pliosaurus sp. 
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MoLLUSCA {cont). 
Gasteropoda (cont,). 

PateUa sp. 

Fleurotomaria gigantea Sow. 

„ Renevieri Keeping 

Scalaria Keepingi Gardner 
Tesaarolax Oardneri Keeping 
Tridactylus Walkeri Gardner 
Trochv>s n. sp. 
Turho Reedi Keeping 

Lamellibranchiata. 

Area Carteroni D'Orb. 

„ marullensis D'Orb. ^ 
Astarte subdentata Roem. 

„ sp. and n. sp. 
Avictda comueliana D'Orb. 
Cardita rotundata P. and R. 
Cardium cottaldinum D'Orb. 

„ subkillanum Leym. 
CiLcyllciea svhnana P. and R. 

„ sp. 
Cypricardia arcadiformis Keeping 
„ squamosa Keeping 

„ striata Gein. 

Cyprina angvlaJta Flem. var. rostrata Sow. 

„ obtvsa Keeping 

„ Sedgvdcki Walker 
Exogyra Couloni D'Orb. 
Oryphaea dilatata Sow. ? (? derived) 
Lima faringdonensis Sharpe 

„ longa Roem. 
Lithodomus sp. 
Modiola obesa Keeping 

„ pedemalis Roem. ? 

„ sp. 
Neithea atava Roem. 

„ Morrisi P. and R. 

„ omithopua Keeping 
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MoLLUSCA (cont,). 

Tjamelli branchiata (cont). 

^uctda mbtrigona K. and D. 

Ofis neocomierms D*Orb. 

Ostrea Jrons var. macroptera Sow. 

„ Walkeri Keeping 
Panopcea gurgitis D*Orb. 

„ plicata Sow. 
Pecten Dutempli D'Orb. 

„ orbicularis Sow. var. vruignua Keeping 
„ ratbUnianvs D'Orb. 
Pectuncvlus maroUensis Leym. 
„ ohUquus Keeping 

„ svhloevia Sow. 

Photos (FtsttUana) constricta PhiL 
PliccUtUa asquicostata Keeping 

„ Carteroni D'Orb. 
7}rigonia upwarensis Lye. 
Venvs vectensis Forbes 



Brachiopoda. 






Rhynchondla arUidichotoma Buv. 


» 


cantahrigiefiisis Dav. 


» 


depressa Sow. 




» 


latissima Sow. 




»> 


upwarensis Dav. 




Terebratdla Davidsoni Walker 




»> 


Fittoni Meyer 




f> 


Menardi Lam. 




TerehroUvla 


. capiUata D'Arch. 




» 


/)a^;a«i Walker 




» 


depressa Lam. 




)) 


„ var. 


cantabrigiensis Walker 


» 


« »> 


cyr^a Walker 


» 


» » 


uniplicata Walker 


» 


extensa Meyer 




}) 


Lankesteri Walker 






Meyeri Walker 
microtrema Walker 





5—2 
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Brachiopoda {cone.), 

Terehratula TMriUoniana D'Arch. 
„ jpraelonga Sow. 

„ SeeUyi Walker 

„ sella var. upwarensis Walker 

Wcddkeimia celtvca Mor. ? 
„ Jvddi Walker 

„ pseudcjurensia Leym. 

„ tatnarindus Sow. var. magna Walker 

„ Wanklyni Walker 

„ Woodwardi Walker 

POLYZOA. 

Ceriopora {Echinocava) RavHini Mich. 

„ {Reptomvlticava) mamilla Eeuss 

Entalophora angusta D'Orb. ? 

dendroidea Keeping 



» 



)) 



ramosissima D'Orb. 



Heteropora arhiLscuta Keeping 

„ coalescens Eeuss 

major Keeping 

„ Micheleni D'Orb. ? 

„ ram>o8a Rom. 

„ {Nodicresis) annulata Keeping 

„ (Beptonodicreins) sp. 

Melicertites upwarensis Keeping 
Eadiopora hulhosa D'Orb. var. 
Beptomvltisparaa haimeana De Loriol 
Semimvlticava {Radiopora) tvhercvlata D'Orb. 

Annelida. 

SerptUa {Vermilia) ampvllacea Sow. 
antiquata Sow. 
articvXata Sow. 
gordialis Goldf. 
{Vermilia) lophioda Goldf. 
plexus Sow. 
rustica Sow. 
Vermicularia Pkillipsi Boem. 
„ polygoncdis Sow. 



>> 



» 
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ECHINODERMATA. 

Cidaris sp. 

Pdtastes Wrighti Desor. 

Pseudodiadema rotvlare Ag. 

PORIFERA. 

Elasmostoma avhpeziza D^Orb. (peziza Gk)ldf.) 

Paxihytilodia sp. 

Bapkidonema (Catagma) cupuUformis From. 

macropora Sharpe (= Elasmostoma actUi- 

mar go Keeping, non Roem.) 
porccUum Sharpe 
Treniacystia {Verticillites) anastomans Mant. 
anmdata Keeping 
„ clavata Keeping 



List of derivative Fossils in the Lower Greensand 

AT Upware. 

(a) From the Portland beds. 

Mollusc A. 

Bitccinum naticoides Sow. 

Astarte sp. ? 

Ltudna portlandica Sow. 

(6) From the Kimeridge Clay. 

(These form the majority of the derived fossils. 

Reptilia, 

Ichthyosaurus sp. 

Plesiosavrus sp. 

Pliosaurus brachydeirtcs Owen 

Pisces. 

Acrodus sp. 
Asteracantkics sp. 
Oyrodus sp. 
Hyhod%LS sp. 
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Pisces {coru,), 

Lepidotus sp. 
Otodus sp. 
Pycnodvs sp. 
SphenoTichus sp. 
Strophodua sp. 
Chimaeroids 

MOLLUSCA. 

Ammonites hvplex Sow. 
„ Koeniffi Sow. 

Belemnites explanatvs Phil. 
Cardium striatvlum Sow. 
Myadtes sp. 

Fleurotom>aria reticulata Sow. 
^ocAi*« sp. 

Annelida. 

Serpula tricarinata Sow. 

(c) From the Coral Rag. 

(N.B. These are not phosphatised.) 

MOLLUSCA. 

Cerithium muricatum Sow. 
Chemnitzia heddingto7iensis Sow. 
Exogyra sp. 

Oryphoea dilatata Sow. var. ? 
LUhjodomiLS indiums PhiL 
Opw coralUna Dam. 
Ostrea gregaria Sow. 
Pecten vimineics Sow. 
Unicardium sp. 

ECHINODERMATA. 

Apiocrinus sp. ? 
Cidaris florigemmxi Phil. 
Echinohrissus scutatus Gmel. 
Olypticus hieroglyphiciLS Goldf. 
Hemiddaris interm£dia Flem. 
Holectypus depressus Lam. 
Fsetidodiadema hemispkericum Ag. 
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(d) From the Oxford Clay. 

(N.B. These are not phosphatised but are preserved 

in limonite.) 

MOLLUSCA. 

Ammonites hipUx D'Orb. mm Sow. 
Area sp. 
Modiola sp. 

(e) From Lower Greensand beds. 

MOLLUSCA. 

Ammx)nites Deshayesi Leym. 

„ sp. 

Ancyloceras sp. 
Hamites sp. 
Cerithium sp. 
LUtorina (several sp.) 

Brachiopoda. 

Terehratula ovoides Sow. 

„ „ var. rex Lank. 

(/) From a dark grit of Lower Greensand age. 
Mollusc A. 

Cerithium granvlatum Phil. ? 
Solarium neocomiense D'Orb. 
Trochus sp. 
Cucidlaea vagana Keeping 

„ donningtonensis Keeping 
Mi/tUus lanceolatus Sow. 
Fecten orbictdaris Sow. 
Pema ricordeana D'Orb. 

„ Mulleti Sow. 
Thetis minor Sow. 
Trigonia vectiana Lye. 
„ sp. 

Brachiopoda. 

Terehratula ovoides Sow. ? 

„ „ var. rex Lank. ? 



I 
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Mode of formation of the bedi. The action of 
strong currents in shaliow water and the rapid accumula- 
tion of the dapoHits are shown by the presence of coarse 
conglomerates, subangular pebbles, and false-bedding. 
The character of many of the pebbles (quartzites, lydi- 
anites, etc.) points to their derivation from Palseozoio 
rocks. The variety of formations from which the water- 
worn fossils come indicates that the land from which they 
were washed down was composed of almost every member 
of the Upper Jurassic, while the presence of fossila 
derived from early Lower Greensand beds makea it 
evident that there had been a recent alteration in the 
level of the sea-floor, bringing newly-fonned beds within 
the range of the donuding and transporting action of 
waves and ocean currents. 

The geographical position of these abnormal Lower 
Greensand deposits which we meet with at Potton, 
Upware and Hunstanton, taken together with the fore- 
going considerations, leads us to the view that they 
accumulated in a narrow channel which connected the 
Speeton and North-German and Anglo-Gallic basins. 
This channel was formed in late Lower Greensand times 
by earth movements which shallowed the water over a 
considerable area and converted a portion of the open 
sea in the Eastern Counties into narrow straits swept by 
powerful currents and flanked on the east by a ridge 
chiefly of Paleozoic rocks, which is now only reached in^ 
deep borings, and on the west by banks of soft Jurassifir 
clays and lime.=(tones. 

Correlation of the beds with those of other 
areas. A close resemblance exists between the sands 
and pebble beds of Potton, TJpware and Hunstanton, and 
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the Sandgate and Hytho Beds of Kent and Surrey. The 
Atherfield Clay has a totally different fauna and was 
formed much earlier, but still in Lower Greensand times. 

Certain parts of the sands, limestones and clays of the 
Lower Greensand of the countiy around Godahning' show 
a close resemblance both in fiiuna and in lithological 
characters to those of our area. Thus the ten deter- 
minable speciea of fossils in the " Middle Series " of Meyer 
all occur in the Upware deposits and at Bi'ickhill ; and 
the pebble bed at the base of Meyer's "Upper Series" 
has a fauna of which every species occurs in the Cam- 
bridgeshire bed. In addition to this palieontological 
identity the rock-characters are very similar, for the 
Godalming bed consists of a coarse sand with angular 
pebbles of quartzite, lydianite, jasper, etc., as weil as 
similar phosphatic nodules and derived Junasic fossils. 
The large majority of the fossils in the overlying "Eargate 
Stone" also occur in the Upware beds. The Shanklin 
Sands of the Isle of Wight and the Hythe Beds of East 
Kent, particularly the upper part, show a close relation- 
ship to our representati\'es of the Lower Greensand. 

Mode of formation of the phosphatic nodules. 

As above stated many of the nodules are easily recognised 
to be of organic origin, and to consist of the phosphatised 
casts of the shells of molluscs, or the bones of reptiles 
and fish. In some cases the nodules are merely shapeless 
lumps, and their organic origin can only be suspected 
by analogy. It has been thought by many writers on 
the subject that the fossils must have been in the 
phosphatic condition before they were washed out of 

1 C. J. A. Meyer, Proc. Geol. Aimc. 1869. (Separate Paper.) 
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their parent formation. But although indigenous phos- 
phatic nodules indeed occur in the Jurassic and other 
rocks from which these phosphatised organisms are de- 
rived, yet it is very rare to find any fossils in this con- 
dition in the parent rock. It seems in fact necessary to 
suppose that the replacement of the original matter by 
phosphate of lime must have taken place in most cases 
in the Lower Greensaoid sea by a kind of pseudomorphing 
process. The identical condition and character of the 
derived phosphatised organisms, whether they come from 
the Kimeridge Clay, the Portland series, the lower part 
of the Lower Greensand, or other beds, seem to support 
this view. The two facts that the Oxford Clay fossils consist 
of limonite, and that the Coral Rag ones are unaltered, 
are exceptions diflBcult to explain, but their condition naay 
be due to some original want of susceptibility to the phos- 
phatising chemical influences. One condition which seems 
necessary for such a phosphatising process to take place 
is long exposure of the organic remains on a sea-bottom 
where no sediment is being deposited. 



THE CUETACEOUS BEDS, 



THE UPPER CRETACEOUS. 



I 



THE GAULT. 

General remarks. The Gault of Cambridgeshire, 
kand parts pf Bedfbi'd shire and Hertfordshire, instead of 
■ showing evidence of a gradual passage upwaids into the 
L overlying beda, as in other areas, aeema to have suffered 
Ldenudation of ita upper half prior to the deposition of the 
fcChalk Marl. The Cambridge Greensand contains the 
■Result of the washing, sifting and rearranging of the 
3 of the Gault which suffered this erosion. 
In addition to this feature of contemporaneous 
roaion, the Gault of this and the neighbouring areas is of 
1 interest on account of its change in lithological 
icharacters and in thickness when traced along its strike, 
' The question of its relation to the Red Chalk of Hun- 
stanton must also be considered in this connection, 
especially since Hunstanton is within easy reach of 
Cambridge. 

Characters and thickness'. The Gault la divisible 
into two main zones — an upper and a lower — of which the 
former is sometimes called the zone oi Ammonites injlaiita, 
and the latter the zone o( Am. latitus. The Upper Gault 
is absent in Cambridgeshire, having been eroded away 
before the deposition of the Chalk Marl ; and probably part 
of the Lower Gault is also wanting. 

> Mem. Otol. Sure. Explan. Quart. Slu:et 61, S.W. p. IS et leq. A. J. 
' JnkeB-Browne, Q. J. G. S. col. sxsi. (1873), p. 266 et seq. A. J, Jokes 
LB and W. Hill, Q. J. G. S. vol ilui. (1887), p. 593 et eeq. 
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There is also a natural thinning of both divisions c 
the Gault to the north-eaat. Thu3 at Totternhoe i: 
Bedfordshire and at Stoke Ferry in Norfolk both divisiona 
of the Gault are present in their entirety, but while at 
Totternhoe the Gault is 230 feet in thickness, at Stoke- 
Ferry it is only 60 feet, this difference of 170 feet being- 
the result of thinning-out. 

Between Tring and Hitchin the Lower Gault ii 
in thickness from 150 feet to 204 feet, but the Upper 
Gault decreases in thickness from about 80 feet to 20 or' 
30 feet. North of Arlesey the Lower Gault begins to 
grow thinner, and it is assumed that this is mainly due toi 
the erosion it has undergone; but natural thirming-out 
also of the division in a northerly as well as a southerly 
direction appears to commence about this point. Betweett' 
Arlesey and Ashwell the total thickness of the Gautt 
ranges from 180 to 200 feet. On the assumption that a 
or near Arlesey the Lower Gault had it.s greatest thicknesa,- 
and that the original surface-slope of the bed before 
erosion was regular and constant to the north i 
Stoke Ferry, this division should have a thickness of aboutE 
150 feet at Cambridge. To this must be added a cert 
thickness for the Upper Ganit — about 20 feet, according^ 
to Mr Jukes-Browne. This would give 170 feet as thft 
original thickness of the whole Gault at Cambridge. But 
since well-borings give on an average only about 125 feel 
of Gault at Cambridge, we must conclude that some i 
feet have been washed away. 

There is evidence that the base of the Gault is irregai 
lar, and that it fills up local troughs and hollows on thfl 
surface of the Lower Greensand. The supposed unconform-! 
able transgression of the Gault over the Lower Greensand^ 
has already been mentioned (p. 49); and the statement 
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that some borings in Cambridge have pierced through 
from 130 to 200 feet of Gault would, if confirmed, make it 
necessary to imagine that the base is here very uneven. 

Around Reach and Burwell the Gault is about 100 
feet thick : at Soham it is 90 feet thick. 

If we look at the present slope of the surface of the 
land and have in our mind's eye the elope of the original 
surface of the top of the Gault prior to its erosion in 
Cambridge Greensand times, we shall see that it is 
probable that some 50 feet or so of Gault have been 
removed from over this district. It is over this area of 
erosion that the Cambridge Greeosand extends. Where, 
on the other hand, the Gault has suffered no erosion but 
is present in its completeness, there the Cambridge 
Greensand is absent. 

According to the diagram given by Jukes- Browne' the 
prolongation northwai-ds of the present slope of the land 
beyond Soham meets the line from the base of the Upper 
Gault about seven miles south of Stoke Ferry ; and hence 
it may reasonably be supposed that the Cambridge Green- 
aand extends to this point, but it has not been actually 

m more than 2 miles north-east of Soham. 

At Stoke Ferry the GauLt is 58 feet in thickness, and 

far north as this locality the formation preserves the 
character of a tough blue clay. Above it at this spot 
there lies a glaucooitic marl, into which it is probable that 
the Cambridge Greensand of the south passes horizontally. 
A dark green sand forms the base of the Gault, and at 
West Dereham this sand contains numerous phosphatic 
nodules and rests on an unevenly eroded surface of brown 
Band, that is, the top of the Lower Greensand. At Roydon, 
a little further north, in the neighbourhood of Grimston, 
■ Q. J. a. S. Tol. luii. (1887), p. 595. 
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the Gault has dimiuished to about 20 feet in thickness 
and consists of a lower division of blue clay, a thin middle 
layer of yellowish marl with reddish blotches, and i 
upper division of tough grey marly clay. Thin yellowish 
limestone bands are found in it also near Grimston. At 
Dersiugham, still further north, below the Chalk Marl 
come 2 feet of aoftish pale-gi-ey marl, and beneath this a 
3 feet of yellowish-browu chalky material which ] 
down into 2^ feet of red marly clay. These thin 1: 
marly clay and limestone aj^ the attenuated representa* 
tives of the thick blue clay which constitutes the GauHt 
further south. 

The Norfolk Gault is not only more calcareous thaai 
that of the Midlands, but also contains as it is followed' 
northwards a continually decreasing proportion of mechan- 
ical sediment, such as quartz-grains ; on the other hand ■ 
the organic material (Foraminifera, shell -fragments, etc) 
steadily increases. The malmstones and sands of the 
Bo-called Upper Greensand of the southern counties are 
entirely wanting, and everything points to the concluaioa 
that we are getting further away from the old coaat-line 
and from the source of the mechanical sediment, and 
nearer to deep-water and pelagic conditions. 

The phosphatic nodules occur frequently in layers a 
various horizons, or scattered in-egulariy through thft' 
Gault. They are often associated with broken and rounded. 
fragments of fossils ; but they do not necessarily point to 
a great break in the sequence, but only to an interruption 
in sedimentation or to a sifting and sorting by current 
action of a certain thickness of clay which contained senai- 
phosphatised and semi-consolidated casts of fossils. Ammo- 
nites in the state of clay casts, with only their i 
whorls preserved in solid phosphate, have been found in 
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the Gault at Muzzle by Messrs Jukes-Browne and Hill', 
and a gentle washing of these casts would remove all the 
clayey portion and leave only the solid phosphatic portion 
behind. We may thus account for the numerous frag- 
mentary and imperfect fossils in the nodule layers of the 
Gault. But as in the case of the Lower Greenaaud a 
cessation of the deposition of sediment on the sea-floor 
appears to be the main condition necessary for the activity 
of the phosphatising process. 

These nodule beds occur at various horizons, e.g. near the 
base of the Gault at Wendy and Wirapole, and at West 
Dereham in Norfolk^, and at 60 or 70 feet down in the 
Gault at Whaddon, Guilden Morden, Ashwell and Harlton. 

The phosphatic nodules themselves are of a dark 
colour but are paler than those from the Cambridge 
Greenaand. 

The so-called ' rugg-stones ' are merely decomposing 
lumps of iron pyrites. 

Occurrence. The lower boundary-line of this for- 
mation is quite hidden by Boulder Clay for a long 
distance in West Cambridgeshire, but its upper limit is 
well known by means of the ' coprolite ' pits which have 
been worked al! along its junction with the Cambridge 
Greensand. Owing to the three promontories of Chalk, 
which stretch out eastwards from the great western outlier 
of Upper Cretaceous beds, and are only separated from the 
main mass in the east by the valleys of the Rhee and the 
Cam, the Gault plain is divided up into four fairly distinct 
areas. Moreover, as a result of the presence of these 
projecting massed of Chalk and the patches of drift and 

' Q. J. G. S. SLiii. (1887), p. 672. 

' Mem. Geot. Sum. Explaii. S)ieet 66, p. 23. 
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river-gravel, the continuity of the valley which extei 
through the southern midland counties between the top 
the Lower Oreenaand and the base of the Chalk is not 
apparent in Cambridgeshire. Of the four chief 
Gault in the county the moat southern lies to the south (rf 
the Orwell -Barrington ridge. The second area extends 
from the north side of this ridge to the Barton ridge of 
Chalk ; and still further north are the two remaining areae^, 
of which the more southern and smaller one is scarcelj 
defined on the north by the discontinuous Madingley* 
Coton and Observatory ridge. It is on this smaller are< 
that the town of Cambridge mainly stands. A small pMJ 
of this area lies on the east bank of the river Cam, buj 
much of the outcrop near the river is obscured by th^ 
Pleistocene gravels'. 

Finally, the large northern area extends up to tha. 
outcrop of the Lower Greensand in the north, and ita 
eastern boundary is marked by the course of the river CaO 
nearly as far as Waterbeach, beyond which the main out 
crop lies to the east of the river. Though much hiddel 
by gravels between Chesterton and Denny Abbey yet ii 
reappears as a long strip between Waterbeach and Causft 
way End Farm ou the west side of the Cam. It underliei 
the fen south of Upware, the small patch to the west at 
the Coral lian mass being probably an outlier. NeaE 
"Wicken and Soham the Gault again reaches the surtac^ 
and surrounds the plain of Soham Mere as a horseshoe- 
shaped ridge. To the noi'th-eaat of this it again sinki 
below the feos, but emerges near Stoke Feny and thenoa 
runs northwards, more or less continuously at the surface 

' The inliera of Gault near Haalingfield, Hauiton Mill Bridge ftt^ 
High Hall Farm at Horningsea, are due to the irregularity of its upptt 
surface, which at these places farms ridges or hilloekB. 
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Reptilia. 

Tchtkyoiaurtu sp. 
Rkinockelys sp. 



32 THE CRETACEOUS BEDS. 

PlBOSS. 

Cimolichthyt (Sauroeephalm) striatus Ag. 
Ptf/choduM sp. (dorsal apine) 

MOLLOSCA. 

Cephalopoda. 

Aianvmiiet viterruplus Sow. 
„ rattlinianiit D'Orb. 

„ roilratiu Sow. 

» Park. 

Bdemnite* attenuatut Sow. 
it List. 



Gasteropoda. 

Cerithium, omatimmvm Sow, 

DentrUium elliptieuM. Sow. 
Lamellibraiiohi ata. 

InoceramKt eoncentricut Park. 
„ gulcatiit Fai'k. 

Neithea gumquecottaCa Sow. 

^iicula ovata Mant. 
„ pectinata Sow. 

Oitrea ap. 

Ferna sp. 

Plicatula pedinoides Sow. 

BRACHIOPODi. 

Terebratula biplkaia Broc. 

ECHIKODERaATA. 

Fetttacrinut Fittoni Aust. 
Fseiidodiadema sp. (spines) 

Trochocyathut angidatua Dmic. 



TKK CBKILIiGDOC?! aSDH^ %3 



THK KKD CHklM OF HUAVUUROV . 

Since HunstantotL i» -ni fic*ti«"'iKr.r:i7 tm".*^! fcy 'Jam- 
bridge students, a detcriptiija .c "iiK :l^unf.tu( Et^i Htjuk 
and its relatioos t«> <jCfiKr {xh^ v-ll. ^k ^an^itt:^ 

The cli£& at HimfffAnniin ^j*¥ *:ar(;ft i^n^Hi^ o4[ ^.i^i/jt'Xf , 
Ae uppermost one ^ wbir^ «ari at -ok ^^ir^ifidi^ *A nbc 
three; the middle oik &f ri^. %r^ 'ir.'t jr.«v«c3er. '^c#c u 
yellowish-bioinL These ^bx^m ".fjM.rzs-hujiit xt^ ijttttt^i 
lespectiTelj bjr the Ir/wt^ pur, '.-if '.kK Lj^ve Chilk, niu; 
Bed Chalk, and the Custr^cie -.r L./«v^r OficvctuettCi/l 

The Caist<»e eocmstft o€ ir:rr:2:^'<^-^^ <!iacijrji«r^jtsit96 aoxi 
fine coDglomeratea. A UsrJui: w^i^, ^-A \c^ l:^*b/ri««e cci/>fr^ 
than half the ineigfan of ".Ek- ^j5& it "tr^ccLpjieiefi ^^f n£&ia!$<e 
arenaceous bed& The middU: Soi^tfibicf '-A *be CartfVMie 
here seen is a cfMapysauj ^Ktanecj^A^ £a^ kmgxDtjtz» 
conglomerate of small vj/oaitiA msA fistibacig^sittr pKrbbtes^ 
and is aboat four feet in ihiiickn&aL When the ea^f^ierir 
dip of the beds brings ihis ootjgilf^mens^r Of>Tn W ih<e 
level of the beach near the Iigfath4>ufi^, i\ 6>^u^ a plaifs^nu 
of rounded or subqusKbangular blocks, due xo the w^^ash^^- 
ing along its joint lines (see Fig. TJl BI^>eks half qaarried 
out of the base of the cliff by Thii^ veaihering pruce^s^ 
may be seen here. All thiif series asiHimes a much darker 
colour when acted upon by the tiea-water. 

Above the softer rellow Bandstone, which overlies? ihi* 
conglomerate to a thickness of about five feet, comtf^ ifae 
Red Chalk. This bed is three feet thick and is divisible 
into three more or less distinct la vers' : — 

1 For detailed Inbliogimpby see W. WhiUker, Presad. Addiv^^ iNw. 
Norwich GeoL Soc. put tu. 1883. 

s WiUahiie, Q. J. G. 5. toL xxt. (1869), p. IBS. 
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Hard lumpy reddish chalk or mottled red and 



2. Rough nodular red limestone pasaing down into 

3. Deep-red gritty rock, softer at the base. 




HuVSTiSTON. 



Hard creamy wliite chalk (Ceilk Ma,ki.) passing gradually down into I 
Oritty grey hard ahalk (Chils Mabl) contaiining fr&gmentB diU 

Innceramas and green-eoaled nodules. The latter lorm a 

at its buBe. Thickooss i feet. 
Hard white chalk (the •■ Spoage-bed"). Thicknesa IJ feet. 
Red Chalk. Thicknees 3 feet, divisible into three portions :- 

1. Hard lumpy reddish or mottled red and white chalk. 

3. Bough nodular red limeetone passing down into 

3. Deep-red gritty rock, softer at the haae. 
FerruginoDs bronn Haudatoce and fine conglomerates. The roundatl 

blocks f' represent a harder bed weathered ont in situ. 

masses of white ohalli, fallen from the clifF above, rest apon Hs] 

surface. 
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Immediately overlying the Red Rock is a white 
nodular limestone — the so-called Sponge-bed — about one 
foot and a, half thick. 

Above this cornea the rest of the Chalk Marl consisting 
in its lower part of about four feet of hard grey and very 
gritty chalk containing green-coated nodules and very 
abundant fragments of Inoceramus. The upper part is 
of hard creamy-white chalk, 13 feet or so in thickness. 

Near the lighthouse a band of hard gritty dark grey 
chalk, two feet thick, is seen overlying the Chalk Marl. 
This represents the Tottemhoe Stone with which we 
are familiar at Borwell and elsewhere. Above this band 
come nine feet of the Zone of Holaster subglobosus, which 
is thin-bedded and has some indefinite marly bands near 
its base. The cliffs are capped with soil and chalk nibble' 

(Kg. r). 

Composition of the Red Chalk. From the chemical 
analysis of samples of the Red Chalk we find that it is 
a mariy limestone with a high percentage of peroxide of 
iron which forms the colouring matter. It contains scarcely 
any fine mechanical sediment, but small pebbles of quartz, 
slate, etc. are scattered throughout its mass. Occasionally 
these pebbles are of large size. 

The source of the peroxide of iron which colours the 
bed has been ascribed by some writers to the decom- 
position and peroxidisation of green grains of silicate of 
iron in the bed, such as are now present in the Gault of 
the southern counties. It has been pointed out that the 
lount of iron in the Hunstanton rock is really less than 

For farther details and references see Wiltshire, Q. J. O, S. Tol. 
(1869), p. 183; Bonney, Camb. Geol. (1872), App. in.; Records 
Qeol. Am(k. Ej:nirsions (1891), p. 302. 
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in the Gault of Folkestone, but that in the former the 
iron is present in the state of sesqui-oxide (red oxide) 
while in the latter it is all in the state of protoxide. If 
the Gault of Folkestone were oxidised it would assume the 
colour of the Hunstanton rock. 

It has been suggested that the iron was introduced 
from the Carstone below by capillary attraction into the 
Hunstanton rock subsequent to its formation, but there 
does not seem to be sufficient ground for this view. Nor 
is there any substantial evidence in favour of regarding the 
rock as corresponding to the 'red clay' which is now 
forming in the abysses of the Atlantic and Pacific Oceans. 
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Analyse of pink sample of Red Chalk from Hunstanton, 

by Dr W, Johnstone^ 
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lali/gu of the Red Marl from Orimitnn (A) and fivi 
Der^ngham (B) by Dr W. JohrutoneK 



Silica and silicates 
Oarboaate of lime 



Sulphate of lime 
Peroiide of irou 
Alumina and phosphor 

Manganese 

Organic matter, etc. ... 
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Stratigraphical relationB and age. The absence 
at Hunstanton of any bed like ordinary Gault, or Upper 
Greenaand, and of any rock exactly resembling the Chalk 
Marl has led different observers to refer the Red Chalk 
to one of these three ibrmationH. On the strength of 
recent work' the most satisfactory view appears to be 
that the Red Chalk is the diminutive representative of 
the whole of the Gault of other areas. The normal state 
of things north-east of Buckinghamshire is a sudden 
transition from Upper Gault to Chalk Marl without the 
intervention of sandy beds such as can with any certainty 
be classed with the Upper Greensand of the south. This 
is owing to the change in the conditions of deposit as 
we proceed to the north-east, for we get away from the 
zone of terrigenous sediments and enter the area where 
oceanic deposits accumulated. 

The gradual transition from littoral to pelagic con- 
ditions is interrupted over the tract where the Cambridge 

' Q. J. G. S. vol. iLiii. (1897), p. 688. 

s Jakes-Bronme and Hill, Q.J, G. S. vol. ilui. (1887), p. 592. 
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Greensand ih found, but this deposit is due to an excep- 
tional contemporaneous deaudation of lower beds (see p. 95 
et seq.) and does not upset the general conclusion drawn 
from the horizontal change in the characters of the Gault 
and overlying beds. At Hunstanton therefore we do not 
need to look for typical Upper Greensand deposits possess- 
ing the littoral characters of those in the south of England ; 
for these shore-deposits have thinned out long before 
Hunstanton is reached. 

The age of the Red Chalk is therefore considered to 
be either that of the Gault or of the Chalk Marl, and if 
we bear in niind the gradual change in the characters and 
thickness of the Gault when traced northwards through 
Norfolk, we shall be inclined from these reasons alone to 
correlate the Red Chalk with the Gault. As already 
described {p, 78), the latter grows more and more calcareous 
and freer from inorganic material and at the same time 
decreases in thickness in a northern direction. Thus at 
Dersingham it is represented by seven feet of marly and 
chalky material, the lower part of which is coloured red. 
The Chalk Marl also alters in character by becoming harder J 
and less marly, and at the same time steadily groATO'l 
thinner. There is a hard whitish limestone directly over- 1 
lying the Gault at Roydon and other places inland which I 
is identical with the " Sponge-bed " immediately resting i 
on the Red Chalk in the Hunstanton cliffs. 

Microscopically, also, the structure of the Red Chalk I 
bears the same relation to the red and yellow marls of I 
Dersingham that the hard Chalk Marl of Norfolk does to-j 
the softer Chalk Marl of Cambridgeshii-e. 

The palsBOntological evidence supports the conclusion! 
derived from the consideratiou of the physical charactei 
and relations of the deposit. 
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Fauna of the Hed Chalk. The fauna has some- 
what mixed characters and afSnitiea. 

Firstly, almost all the fossils of the Gault of West 
Norfolk have been found in it, and amon^t them are 
eight characteristic Gault species of Ammonites (Am. 
aiiritus. Am. Beiidanti, Am. interruptits. Am. iautiis, Am. 
ochetonotua. Am. rostratus. Am. splendens, and Am. tuber- 
culatus). On the other hand the Ammonites characteristic 
of the Chloritic and Chalk Marl are conspicuously absent. 

Secondly, there are some fossils other than Ammonites 
which in other regions belong to higher beds than the 
Gault. These are chiefly pelagic species of the White 
Chalk, and as the Red Chalk shows itself in litholngical 
characters to be a deeper sea deposit than the common type 
of Gault we should naturally expect the presence of such 
forms. The great rarity of Gasteropoda in the Red Chalk 
though they are so abundant in the Gault of the south 
of England finds a similar explanation, for Gasteropods 
flourish best in shallow water. 

Thirdly, the state of preservation of the fossils ab- 
solutely excludes the idea that they can be derived, yet 
some of the fossils belong to the Lower Gault of other 

The deeper water, almost unpolluted by mechanical 
sediment, in which the Red Chalk is shown by its litho- 
logicai and faunistic characters to have accumulated, would 
support many forms of life which could not survive in the 
shallow and muddy waters in which the blue Gault clay 
was deposited. An alteration in physical conditions and 
general environment must always be expected to have 
a more or less marked effect on the fauna, and a change 
I the composition and character of a rock is therefore 
ways accompanied by some differences in the fossils 
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contained in it. Such an alteration appears to be here 
evident ; and the mixed Upper and Lower Gault species 
which constitute the bulk of the fauna, the absence of 
many shallow-water forms, and the occurrence of some 
deeper water forms, together with the stratigraphical 
evidence of the position of the bed and the lithological 
indications of its mode of formation lead us to conclude 
that the Red Chalk of Hunstanton is the condensed 
representative of the whole of the Gault of other areas 
and was formed under pelagic conditions outside the reach 
of mud-bearing currents. 



List of fossils from the Red Chalk. 

FoRAMiNiFERA. (See Joum, Roy, Microsc, Soc. part v. p. 549, 
1890.) 

PORIFERA. 

Scyphia tenuis Roem. 

Spongia paradoxica Webster (? organic i) 

ACTINOZOA. 

Cydolites polymorpha Goldf. 
Micrahada coronvla Goldf. 
PodoserU elongata Duncan 

„ TtiamilUformia Duncan 

ECHINODERMATA. 

Bourguetticrinus rugosus Ag. 
Cidaria gaultina Forbes 

„ vesiculosa Wright 
Holaster suborbicularis Ag. 
Peltastes Wiltshirei Seeley 
Pentacrinus Fittoni Aust. 

^ Prof. Hughes argues for its inorganic nature, Q,J. G, S, xl. (1884), 
p. 273. 
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ECHINODERMATA {cont). 

Psevdodvadenna Brongniarti Ag. 

„ omatum Goldf. 

Toryiiocrinua canon Seeley 

Annelida. 

Serpula antiquata Sow. 

„ cristata Duj. 

„ depressa Goldf. 

„ rustica Sow. 
VermiciUaria umbonata Mant. 

Crustacea. 

PoUicipes unguis J. Sow. 

Brachiopoda. 

Kingena lima Defr. 
Rhynchonella sulcata Park. 
Terehratula hiplicata Broc. 

„ capillata D'Arch. 

„ semiglobosa Sow. 

Terebratulina gracilis Schl. 

POLTZOA. 

Berenicea regularis D'Orb. 
Proboscina dHatata D'Orb. 
Reptomulticava mamilla Reuss 
Stomatopora longiscuta D'Orb. 

MOLLUSCA. 

Cephalopoda. 

Ammonites awritus Sow. 

„ Bevdanti Brong. 

„ interruptus D'Orb. 

„ lautus Sow. 

„ ochetonotus Seeley 

„ rostratus Sow. 

„ splendens Sow. 

„ tubercidat'us Sow. 

Belemnites attemcatus Sow. 
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MoLLUSCA {cont.). 
Cephalopoda (cont). 

Bdemnites minimus List. 
„ tUtimtts D'Orb. 

Nautiltts albensis D'Orb. 

Gasteropoda. 

Cerithiwm mosense Buv. 
Fleurotomaria sp. 

Lamellibranchiata. 

Avicula gryphceoides J. Sow. 
Exogyra conica Sow. 

„ hcdiotoidea Sow. 

„ loudniata Nils. 

„ ravliniana D'Orb. 
Inoceramus Crispi Mant. 



„ subsulcattis Pictet and Roux 

,f 8ulcatU8 Sow. 

„ tenuis Mant. 

Lima globosa J. Sow. 

„ iteriana P. and R. 
Ostrea normaniana D^Orb. 

„ vesicTilaris Lank. 
Fecten Beaveri Sow. 
PliccUula pectinoides Sow. 
Spondylv^ striatum Sow. 

Pisces. 

Ischiodon sp. 

Lamna appendiculata Ag. 

Reptilia. 

Plesiosaurus latispinus Owen? 



\ 
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THK CHALK. 



0«ueral remarlu. The well-kaowti series of soft 
white earthy limestones, called the Chalk, is divided up 
and classified partly by Hthological characters and partly 
by fossil zones. 

The classification adopted for the beds in Cambridge- 
shire is as follows : — 

Upper Chalk {Zone of Micraater aor-trntttdiTiariwrn,. 

Chalk Eock or Zone of Heterocerat reuidanum. 
^ Zone of Holoiter ptanut. 

D|Middle Chalk - Zone of Terebratidiiia ffracUu or 'Wandlebury beds,' 
^^K Zone of Rkynckonella Ciwieri, with Melhourn Rock 

^H at base. 

^^ft /Zone of Belemnitella plena, or 'Belemnite Marls,' 

^H. Zone of Holaeter suhglohosus with fiurwell Bock at 

^^^wsrOhalk - base. 

^Hr Zone of Ammonites variane, or the Chalk Marl, with 

^^B V the Cambridge Greenaand at base. 

^r There are three beds in this series which poasess re- 
markable persistence in lithological character throughout 
the district. They are the Burwell Rock, the Melbouni 
Rock, and the Chalk Rock. The Burwell Rock, long 
known under that name in this district, was described by 
Mr Whitaker under the name of Tottemhoe Stone in 
Beds, and Bucks.' The Melbouni Rock' marks the base 

• Whitalier, Q. J. G. S. vol. ixi. (1B66), p. 398; Mem. Geol. Sum. 

* Mail. Geol. Sutv. Expian. Quart. Slieet 5i, 8.W. p. 65; A.J. Jukea- 
rowne and W. Hill. Q. J. a. S. vol. ilii. (1886), p. 216. 
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of the Middle Chalk, and the Chalk Rock' the top of the 
same division. The so-called Wandlebury beds* between 
tbe two rock-beds last mentioned are not so important or 
persistent as a lithological horizon. 



THE LOWER CHALK. 

General remarks. The Lower Chalk comprises 
the beds commonly known as the Chalk Marl, the Grey 
Chalk and the Beiemnite Marls. Until the separation of 
the latter from the Melboum Rock and their addition to 
the top of the Lower Chalk", all the upper portion of the 
Lower Chalk was called the Grey Chalk, but since it 
has been recognised that this term is lithologically in- 
appropriate and incapable of general application thfr^ 
subdivision of the beds by means of pal seon to logical zoneS' 
has been usually adopted. The nomenclature employed' 
by Messrs Whitaker and Jukes- Browne in their " Geolog^ 
of London" (Mem. Geol. Surv. 1889) is here followed. 

The Chalk Maa-1 in this area may practically be aai^ 
to consist of two divisions, i.e. (1) the Cambridge Greei 
sand at the base ; and (2) the Chalk Marl proper. 

These two divisions are not sharply marked off froi 
each other, for the basal layer, which is generally under a. 
foot iu thickness, graduates up imperceptibly into th&. 
overlying chalky beds. Tlie importance of this basal 
layer — the Cambridge Green sand — is so great that it. 
must be described separately. 

1 W. Whitftker.C. J. G.S. voL ivn. (19R1), p. 166; 3Iem. OeoLSurVf 

J6),p.918J 
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(1) THE ZONE OF AMMONITES VARIANS. 

(a) THE CAMBRIDGE GKEENSAND. 

General remarkB. This is geologically the most 

importaEt and interesting bed in the whole area. Its 

fauna, lithological peculiarities, mode of occurrence and 

■ of formation, demand close attention. 



Characters and thlckneu. The Cambridge Green- 
sand is a greenish clayey or sandy marl containing 
abundant glauconitic grains which give it its colour and 
its sandy texture. In places the large admixture of Gault 
mud imparts a more clayey character and darker tint. It 
contains in its lowermost layer abundant dark olive-black 
or brownish black nodules largely composed of phosphate 
of lime. These are the 'coprolitea'' — erroneously so 
called — for which the bed is commercially valuable. It 
is crowded also with fossils which have the same composi- 
tion and appearance as the nodules. These fossils are 
usually in a rolled and water-worn condition, for they 
are derived from earlier formed beds. 

But there is also an indigenous fauna represented by 
more perfect and paler coloured fossils. These are however 
less numerous and do not occur in the very lowest layer. 
With the indigenous fauna are associated lighter coloured 
nodules which range up together with most of this fauna 
into the overlying Chalk Marl proper. 

In addition to these nodules, boulders of far-travelled 
ika are frequently found. They are rounded or angular 

■ From the Greek Kin-pot. dung, a name given when Ihej were 

supposed lo be the fscal remains of ^ah and reptiles. It is now known 

that true coprolitea, though not uncommon in the Chalk, iorm but a 

proportion of the phosphate nodules known i 

BCOpioliteB. 
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in shape, and vary from about one inch to more t]HiA4 
foot in diameter (see p. 103). 

The actual nodule bed in usually about 6 inches in J 
thickneaa and rai-ely exceeds 10 inches, but the GreeoBaud 1 
or a glauconitic marl in which scattered nodules occur J 
generally extends up for another five or six incbea before I 
merging insensibly into the genuine whitish Chalk Marl, I 
When the surface of the underlying Gault is very un- I 
even, the Greensand is always thinner on the top of the 
ridges and thicker in the intervening hollows, being 
frequently 18 to 24 inches thick in the latter; the basal 
nodule-bearing layer generally exhibits a similar thinning 
and th'cken' g but occasionally * absent Itogether on 
the top of the rdges (Fig 8) 
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a Surface ediI sjuwash & 

:b Bi er B wi h frogm nts c 

J 6^ mediie a po e y m e ratifi d ban li 

I f mo e washed out 

, Ohalk Us 

4 &. The Cambndge OreenaaiUd, about 1 foot in tbicknesB, Ijing o 
I irregularly eroded surface of Gault, 

I d. Gault. 

J d'. Baud of sandy clay with phoapbate nodules similar to that abov< I 
I from which it ia separated by about 1 foot of gault. 

' It has been thought that aonie of these ridgea might b 
Seiures of the beds, but this explauatiou seems rarely applioable (Afea 
Geol. Sarv. Explaii. Quart. Sliert 61, S.W. p. 38). 
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LOWKB PaBT OF THE UpFEB CbETACEODB WHEN TRACED NOBTH OF CAilBBlDQE. 

Scale 100 ft. to 1 inch. 

A. Hypothetical vertical aection of the loner part of the Upper Creta- 
ceoQB at Cambridge, showing the estimated thickneBa of the Ganlt 
before the total eroBJon of the Upper Gault and partial eroaioo of the 
Lower Qanlt at the time of (he formation of the Cambridge 
(jreeDeaiid. 

B. Actual vertical aeotion of the lower part of the Upper CretaoeouB at 
Cambridge, showing the result of the erosion' of SO ft. of Oault at 
this period. 

C. Actual vertical seotiuD of the lower part of the Upper Cretaceous at 
HunBtaston, ahowing diminution in the thickneas of the beda due to 
Chianing and not to eioaioD. 

a. \ 
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Occurrence. The Cambridge Greensand is fbtinj 

in East Bedfordshire, Hertfordshire, and Cambridgeshire, 
along a tract of country over 50 miles in length. From' 
Harlington in the south-west to a point a few miles north 
of Soham it has been traced uninterruptedly, and it has 
been worked for 'coprolites' almost all along its main 
outcrop as well as round the base of the large Chalk 
outliers to the west. 

Over the whole area where the Cambridge Greensand 
is present the Upper Gault, the Upper Greensand, ajid 
the Chloritic Mar! are absent, and the Chalk Marl with 
the Cambridge Greensand at its base rests directly on the- 
eroded and irregular surface of the Lower Gault. 

The incoming of these missing beds is first observed 
far south of Cambridge. Thus in tracing the Chalk Mar! 
south-west of Harlington we find first a nar 
10 miles wide, extending to the border of Buckinghamshire, . 
over which the Upper Gault is present but is immediatelj 
succeeded by Chalk Marl with no Cambridge Green; 
at its base. Then further to the south-west we find ai 
Eaton Bray the first trace of true Upper Greensand, 
intercalated between the Upper Gault and the Chalk 
Marl. At Buckland near Tring the Upper Greensand has 
thoroughly set in, and from this point southward it increases 
in thickness and becomes the well-known calcareous free- 
stone and soft green sands of Oxfordshire and Berkshire. 

The true Upper Greensand is thus seen not to pass 
laterally into the Cambridge Greensand but to be sepa- 
rated from the area where the latter occurs by a tract 
of country some 10 miles wide in which the Chalk Maii 
without a basal nodule bed rests dh'ectly on Upper Gault> 

To the north of the Cambridge Greensand area it has 
been pointed out (p. 76) that though the whole of the 
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Gault is present yet it is most attenuated and altered in 
lithological character, and is directly overlaid by Chalk 
Marl of a hard rocky type. 

The Cambridge Greensand is thus seen to be restricted 
in ita occurrence, and to mark a local interruption in the 
'Htratigraphical sequence. 

Mode of formation. A complete unconformity and 
jsharp line of demarcation ia thus proved to exist between 

■ the Gault and Cambridge Greensand. In fact the Cam- 
bridge Greensand which rests on a surface of erosion 

iconsista mainly of the debris of the upper portion of the 
Oault'. The matrix, which often is composed of Gault mud, 
[■the glauconitic grains which abound in the Upper Gault of 
^adjacent areas, the black phosphatic nodules which are of 
itiie same type as those in the Upper Gault, and lastly hut 
'TOOst particularly the derived fossils, most of which belong 
1-ito Upper Gault species, distinctly indicate the origin of 
■'the material and the mode of formation of the Cambridge 
•Ch^ensand. Marine currents appear to have washed away 
the whole of the Upper Gault including the Vraconnian, 
and a portion of the Lower Gault over a certain well de- 
fined area. The materials were sorted and sifted and the 
greater part of the finer and softer clayey particles were 
removed while the larger and heavier sand grains and 
phosphatised fossils sank down to the bottom of the shallow 

^B There is on the other hand a complete and gradual 

^F^jBesage np from the Cambridge Greensand into the 

overlying Chalk Marl : and not only ia there this perfect 

stratigraphical continuity but the faunal characters show 

that the two must be closely associated (see p. 108). 

1' Jokes-Browne and HQl, q,. J. G. S. sliii. (1987), p. 593 t( geq. ^H 
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Details of the constituents of the bed. The 

Matrix consists of a fine chalky mud largely composed of 
Foraminifera and niinuto fragments of various organisms', 
In places it contains a large quantity of derived Oault 
mud, a^ above mentioned. Grains of quartz, etc. alao 
occur. 

The Glauconite graiiis are derived from the uppermost 
beds of the Upper Gault where they are very abundant 
They are frequently the casts of Foraminifera'. On the, 
floor of existing seas we find internal casts of thesS 
Protozoa being formed of the same substance. 

The chemical composition of these grains is 
follows' : — 
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The phosphatic nodules* vary in colour externally froD 
dark olive-black to brown, but when broken the interio 
is found to be usually rather paler and browner or evei 
grey. A few of the nodules are of a pale buff colour am 
probably do not contain so much phosphate as the darke 



^.Of eountiey, Camb. Geol. p. 32. 

out a'bk-^- f^. S. xsvm. (1872), p. 397. 

!'o the north" f^ ,. ' , , .. , . 

ption of ilepoBita of phoephal 

pointed out (p Sutv. No. iO, 188B. 
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The average percentage of phosphate in the commoner 
dark nodules is from 56 to 58^ but the amount varies 
considerably. 

The nodules are mostly rounded lumps, varying in 
size fix)m a mere grain to a fowl's egg, but are occasionally 
larger. Often they are of irregular shape, and sometimes 
they are tubular. In many cases it has been proved by 
microscopic examination that they are phosphatised 
sponges^. Others are the much worn and defaced casts 
of shells; others are lumps of phosphatised calcareous 
mud. 

In chemical composition as well as in external appear- 
ance they are identical with the Upper Qault nodules 
of Bucks, and other counties. Dr Volcker' gives the 
following analyses of three samples : — 

I. II. III. 

Moisture and organic matter 4*01 3'52 3*80 

Lime 46-39 46*60 43-68 

♦Phosphoric acid 26-76 27-01 26-06 

tCarbonic acid 6*13 6-49^ 

Oxide of iron 1-87 208 

Alumina, magnesia, etc. ... 4 '62 2*47 

Sulphuric acid, fluorine, etc. 6*01 6*79. 

Insoluble siliceous matter ... 6*22 6*04 7*77 

100*00 100-00 10000 

* Equal to tribasic phosphate 

of lime 6712 6862 66*87 

t Equal to carbonate of lime ... 1 1 *66 1 2 -47 

These nodules are thus seen to be richer in phosphate 
of lime than those from the Lower Qreensand or the Red 
Crag. 

1 SoUas, Q. J, G, 8, xxix. (1873), pp. 63 and 76. 

2 V61cker, Proc, Oeol, Assoc, vol. in. (1872), p. 18. 
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Origin of the itodules. The organic origin of many of 
the nodules is apparent at once from the fact that they are 
recognisable fossils. Others, as above mentioned, require 
the aid of the microscope to show theii- organic nature. 
But apart from those of indisputable organic origin there 
are many exhibiting no definite structure ; and these may 
represent organisms, which possessed no hard parts, or 
may be only lumps of phospbatised mud. 

The source of the phoaphate is to be found in the 
bones, tissues, and excreta of vertebratea, the bodies of 
numerous invertebrates, marine plants growing ii 
shallow sea, and possibly apatite in the detritus washed 
down from the older rocks. The sea-water by con- 
taining carbonic acid, which is furnished by the decay of 
organic matter, etc., would dissolve the phosphate and 
hold it in solution. The mud of the sea-bottom would 
thus be permeated by a solution of phosphate of lime. 
But it ia known that amnkonia precipitates phosphate 
of lime dissolved in carbonated water. And since : 
monia is given off by decomposing animal matter, each 
dead organism or portion of an organism would form 
a centre round which the phosphate would be deposited. 
Accordingly round these organic nuclei the phosphate of 
lime would collect and ultimately form a nodule, 
combination, however, of more or less independent con- 
ditions appears necessary for the formation of phosphatio 
nodules (see p. 74). 

Many facts have been noticed showing the intimal 
connection between the decay of animal matter and the 
precipitation and concentration of phosphate of lime; 
thus the roots of the shark's teeth are imbedded i 
mass of phosphate while the crown is free ; the interior of 
corals is filled with phosphate while the exterior is devoid 
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of it ; the inner aide of craba' carapaces is coated with it 
while the outer side is bare and clean. 

It has been noticed that the purer the phosphate in 
the interior of an oi^anism the smaller is the aperture of 
the shell or test. Where the shell is open or has a large 
aperture the phosphate ia mingled with grains of sand. 
These observations go to prove that the phosphate must 
have cume &om without in a state of solution and not as 
a soft paste, and that it cannot have been introduced after 
the formation of the deposit. 

It must be remembered that the home of the Cam- 
bridge Greenaand black nodules is the Upper Gault and 
tihat the process of phosphatisation went on in that deposit 
prior to its erosion. Only the paler coloured nodules 
which pass up into the Chalk Marl originated in the 
Cambridge Greensand. 

The Erratics', Far-travelled boulders in the Cam- 
bridge Greensand are of frequent occurrence and sometimes 
large as to cut out the nodule bed, but they gene- 
■rally range in diameter from about one inch to one foot. 
Amongst them are boulders of gneiss, granite, basalt, 
norite, quartz-porphyry, schist, greywacke, quartzite, 
sandstone, purple grit, and limestone. The blocks are 
sometimes rounded but often are aubangular or even 
angular in shape. Pieces of a darkish -coloured amber' 
are not very rare, and pebbles of obsidian have been found. 

Many of these boulders are covered with Plicatula 



> Seder, GeoJ. Hag. vol. ni. 1866, p. 303; Jukes. Browne and 
1, Q. J. a. S. MIX, (1873), p. 11; Bonoey, Comfi. Giol. p. 33; 
[.'|bn. Otol. Suit. Explun. Quart. Sheet 51, S.W. p. 25. 

' Conwentz {Natural Sciciicf, vol. is. (18!»6), No. 51, p. 102, has 
e BpecimsD and states that it differs ia 1path physical nod 
^Ahemicnl cburacters &om sucoinite. 
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sigilliTia and an Ostrea, showing that they lay for soma, 
time on the sea-floor. 

The home and mode of transportation of these blocks 
have been subjects of considerable discussion. Prof. Seeley 
held that they came from the south, referring them to. 
France or some part of the East Anglian buried Palaeoeoia 
tract. But the Scotch or even Norwegian home "of some 
of them seems in some cases extremely probable or even 
to be proved by their petrological characters. Moreover 
we have reason to believe tliat some of the rocks of which 
booldera are found do not occur to the south of our are 

With regard to the manner in which they were 
brought to Cambridgeshire some geologists have sug- 
gested icebergs, others have held that they may have 
been floated down entangled in masses of seaweed or in 
the roots of trees. Probably some of the blocks were 
brought in one way and some in the other, but the 
absence of ice strise does not necessarily disprove the 
action of ice, for the stones resting on the surfiice of an 
iceberg would suffer no polishing, grinding, or striation 
during their sea-voyage or during the melting of the bei^. 
The frequent occurrence of these blocks in the Cambridge. 
Greensand and their almost complete absence &om th* 
beds of contemporaneous age in adjacent areas may well 
be due to the comparatively small depth of the sea on the 
floor of which the Cambridge Greensand accumulated. 
While the bergs would drift across the deeper seas in the 
neighbourhood without interruption or stoppage, they 
would ground in the shallows where the Upper Gault was' 
being denuded, and as they overturned or melted, theif 
load would be dropped and mingled with the sand^, 
deposits on the sea-floor. Since the lithological charactent 
of many of these boulders denote a northern origin we 
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may suppose the existence of strong current's flowing 
southwards and carrying icebergs laden with rock frag- 
ments from their northern home, just as bergs now-a-days 
are floated southward by the Arctic currents into the 
Atlantic Ocean. 

It is not however always easy to be aure that some of 
the recorded houldera are really from the Cambridge 
Oreensand. Some are now known to have come out of 
superficial drift deposits, and othera have been brought 
into the district as ballast or for paving purposes and been 
left on the surface of the g;round. Unless a Plicatuia 
aiffillina or other characteristic Cambridge Greensand 
fossil is found adhering to the block, or unless the boulder 
has been found actually in situ it is wiser not to insist on 
its occuiTcnee in the Cambridge Greensand. 



Palaontology. Just as in the case of the Lower 
Greensand of this area, so in this bed the fossil contents 
fall naturally into two distinct groups which differ in 
their palffiontological fades and in their physical condi- 
tion. 

There is (1) the derivative fauna. The fossils of this 

[, group are preserved in a black or very dark brown 

ihosphate of lime of the same colour and appearance as 

I 'ti)e majority of the nodules; they are much rolled and 

water-worn. The bones of the vertebrates are generally 

rounded and worn, and the moUusca, etc. have generally 

lost their shells and are in the state of more or less 

battered casts : PlicatuUe and Ostrece are often attached 

I to their worn surfeces ; and, finally, they occur at the very 
bottom of the deposit associated with nodules possessing 
Bunilar physical characteristics . 
Palaeontologically this derived fauna has a very strong 



t 

i; 

I' 



106 THE CRETACEOUS BEDS. 

Upper Gault faciea, but we note the preseuce of some 
Lower Gault forms, and alao of other species with which 
we are not familiar in any English formation, but which 
we find in the 'Gault supMeur' or Vraconnian of the 
Continent. 

Thus three minor subdivisions may be made of this 
derived fauna, containing respectively (1) the Engl 
Lower Gault species ; (2) the English Upper Gaull 
species; and (3) the Vraconnian or 'Gault aup^iieur* 
species which come from a bed of Gault on a higher 
horizon than any we have ill England but which is not 
equivalent to the true Upper Greensand of our southern 



The very close relatione of the derived fauna to thaS, 
of the Upper Gault are shown by the fact that 73 pes 
cent, of the English Upper Gault species occur in th* 
Cambridge Greensand. Only 39 per cent, of the Vracon- 
nian and 34 per cent, of the Lower Gault forms i 
found in it. Of true Upper Greensand species whicll 
occur in our Cambridge bed there are only 28 per cent. 
and these are mostly bivalves with a wide range. 20 p« 
cent, of the Warminster Greensand fossils have beei 
recognised, but include none of the most characteristii 
Warminster species'. 

It is, however, always the most common fossils whict 
give the true affinities of a fauna, and a list of those fossib 
which may be picked up in any ' coprolite ' pit : 
Cambridge unmiatakeably shows that it is the Uppei 
Gault fauna of England to which it bears the closesl 

1 These peroentagea [Q. J. O. S. xsii. (1875), p. 281] do not take any 
aaeoirat of the Tertebratea eince the state of pre3erva.tian rendom it often 
doubtful whether we shoiild aaeriba a bone to the deiived i 
indigenous fauna. 
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resemblance^ since all of the species^ except four, in the 
following list are found in the Upper Gault of England. 
The four excepted fossils {Hamites interrtiediuSy Nautilus 
albensis, Pleurotomaria Rouady Rhynchonella sulcata) occur 
in the Vraconnian of the Continent. 

Common Cambridge Greens and fossils^. 

Reftilia. 

Ichthyosaurus campt/lodon Carter 

Pisces. 

JSdaphodon Sedgvncki Ag. 
Lamna appendiculata Ag. 

Mollusc A. 
Cephalopoda. 

Ammonites aurUus Sow. 

„ mayorianus D'Orb. 

„ rauLinianus D^Orb. 

„ rostratiLS Sow. 

,, pendens Sow. 

Bdemnites vltimus D'Orb. var. 
Hamites intermedius Sow. 
NavJtHus albensis D*Orb. 
„ dementinus D*Orb. 

Qasteropoda. 

Pleurotomaria Oihhsi Sow. 

„ Rhodani Brong. 

„ Bo-axi D'Orb. 

Solarium omatum Sow. 

Scaphopoda. 

Dentaliwm, decussatum Sow. 

Lamellibranchiata. 

Avicula gryphoeoides Sow. 
Exogyra ravliniana D'Orb. 

1 JnkeB-Browne, Q. J, O, S. vol. xxxi. (1875), p. 280. 
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UoLLCScd (com.). 

Lamellibrauchiata (cont.). 
Oatreafrom Park. 

„ vuiaularit Sow. 
Pema rauliniana D'Orb. 
Plicatida pectinoides Sow. 
Spondylus gihboras D'Orb. 

Brachiopod*. 

H}a/nchonella sulcata Park. 
Terebratula hiplicata Sow. 

Crdstacea. 

Palaocryn/stes Sloiesi Maot. 
Annelida. 

Serpida artimdata Sow. 
Actinozoa. 

Trochoc^athus angulatut Dune. 
„ contdns Edw. 



A 



The fossils which were sifted out of the eroded beds 
were mixed in the sand with the remains of the animala 
that were flourishing in the sea whose waves and current* 
were carrying on their destructive work of wearing away 
the earlier formed clays. 

(2) The indigenous fauna. We have now to conBidai 
the fauna which lived in the sea at the time this denuda* 
tion was going on. From the fact that 50 per cent, of the 
species occurring in the true Chalk Marl of this and other 
areas are represented in this indigenous fauna it is evident 
that the palceontological chara^tere of the bed support the 
conclusion which we drew from its stratigraphical relations, 
I.e. that it is an integral part of the Chalk Marl. Only 
iudigeih. ig per cent, of the indigenous species in thft 
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Cambridge Greensand occur in the Upper Greenaand of 
other districts, while there are about a dozen forms which 
have so far been found only in the Cambridge Greensand 
and appear to be peculiar to it. 

The fossils of the indigenous fauna may be more or 
less easily separated from the derivative fauna by their 
mineral condition. The mineral condition is in fact the 
main test and distinction of the two faunas, for many of 
the species range down into lower beds or up into higher 
ones. The bones of the indigenous vertebrates are lighter 
in colour, more friable, and more perfect as a rule (at any 
rate before the artificial washing at the pits) than those of 
the derivative vertebrates. Their interstices also are com- 
monly filled with the saudy marl of the bed itself. The 
calcareous sheila of the Mollusca and Brachiopoda are 
always preserved and their interiors are filled either with 
an indurated sandy marl or with a semi- calcareous, semi- 
phosphatic material. These lighter coloured fossils to- 
gether with the paler nodules range up into the overlying 
main mass of the Chalk Marl. 

iNDIGBNOnS FAUSA OP THE CaMBWDQB QeBMMBAND'. 

(N.B. The invertebrate Bpecies peculiar to the bed are marked 
thus •.) 
BHpmjA. 

Acanthop/iolu ewercws Seeley 

„ konidut Hoxley ? 

„ plaiypiu Seeley 

„ UereoceroKS Seeley 

AnoploiauTua eartonotia Seeley 
„ major Seeley 

' Jotea -Browne, Q. J. G. S. vol. jocsi. (Ifi7.5), p. 3H0, ih. xxsirr. 
(1877), p. 485. Mem. Geo!. Sunt. Eiplan. Quart. Sheet -51, S.W. p. I4!i 
(1881). 
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Reftiua (cont,), 

CHmoliotawrus Bemardi Owen 

„ planus Owen 

Emys (?) sphenognathtis Seeley 
Ichthyasaums campylodon Carter 
Macmrosavrus semntis Seeley 
OrnithocheiruB Carteri Seeley 
„ Cuvieri Seeley 

„ Fittoni Owen 

„ macrorhinus Seeley 

„ platystorMM Seeley 

Plesiosaurus cycnodeims Seeley 
„ microdeirus Seeley 

Polyptychodon interruptua Owen 
Kkinochdys pulchriceps Owen 
Stereosaurus platyomus Seeley 

„ stenomtLs Seeley 

Testvdo (?) carUabrigtensis Seeley M.S. 

Pisces. 

Edaphodon Sedgwicki Ag. 
Enchodus halocyon Ag. 
Lamna appendiculata Ag. 
Notidanus microdon Ag. 
Protoaphyrasna ferox Leidy 

MOLLUSCA. 

Cephalopoda. 

Belemnites ultimus D'Orb. 
Lamellibranchiata. 
*Anomia tramversa Seeley 

Avicula grypkcBoides Sow. 

Lima globosa Sow. 

* „ omata Ether. 
*08trea cunahula Seeley 

„ {Exogyra) haliotoidea Sow. 
„ frons Park. 

* „ lagena Seeley 

„ vesicularis Sow. 
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Mollusc A {cont,). 

Lamellibranchiata (cont), 
Pecten orbicularis Sow. 
Plicatvla inflata Sow. 

* ,, minvia Seeley 

„ sigillina Woodw. 
Badiolites Moretoni Mant. 
Teredo ampkisbcena Goldf. 

Brachiopoda. 

Argiope megatrema Sow. 
Kingena lima Defr. 
Rhynchonella lineolata Phil. 

„ mantdliana Sow. 

Terebratula biplicata Sow. 
„ semiglobosa Sow. 

„ sulcifera Morris 

Terebratulina rigida var. ? 
„ striata Wahl. ? 

* „ triangularis Ether. ^ 
Thecidiwm Wetkerelli Morris 

ECHINODERMATA. 

Astrogonium sp. 

Cidaris Bowerbanki Forbes (spines) 
„ Dixoni Cotteau (spines) 

* „ gradata Seeley 

* „ Sedgwicki Seeley 

„ vesiculosa Goldf. (spines) 
IHscoidea cylindrica Lam. 
„ svhucula Klein 

*Echinocyphus impressus Seeley 
*Ooniophorus lunatus Ag. var. minutus Seeley 
Holaster svhglobosus Leske 
Fentacrijius Fittoni Austen 
*Salenia Woodwardi Seeley 

^ This species used to be called T. gracilis and subsequently T, striata 
var. triangularis. It is distinct from the true T. gracilis of the Middle 
Chalk. 



112 THE CRETACEOUS BEDS. 

Crustacea. 

Palcega Ca/rteri Woodw. 
Pollicipes arcuatum Darw. 

„ glaher Sow. 

„ unguis Sow. 

Annelida. 

Vermicvlaria umhonata Mant. var. 

ACTINOZOA. 

Micrabctcia coronvla Goldf. 
*Onchotrochv>s Carteri Dune. 

Hydrozoa. 

Parkeria (large species) 

PORIFERA. 

*Pkaretro8pongia Strahani Sollas 

Fauna derived from the Gault. 

* indicates that the species occurs also in the English Gault. 
t indicates that the species occurs also in the Gault sup^ideui* 
(Vraconnian) of France and Switzerland. 

Reptilia. 

{l*)Cetarthro8auru8 Walkeri Seeley 
Chelone Jessoni Lyd. 
Cimolioaaurus Bemardi Owen 

* „ cantabrtgiensis Lyd. 
„ constrictics Owen 

„ latispinua Owen 

(?*) „ planus Owen 

CrocodUus cantahrigiensis Seeley 

„ icenicus Seeley 

Eucercosaurus tanysjKmdylus Seeley 
Ichthyosaurus Bonneyi Seeley 

* „ campylodon Carter 
„ Doughtyi Seeley 

„ plaiymerus Seeley 
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Reptilia (cont,). 

Jjytolomjob cantahrigiensia Lyd. 

Ophthalmosaurus {1 Baptanodon) cantabrigienais Lyd. 
OniUhocheirus hrachyrhinua Seeley 

capito Seeley 
colorhinua Seeley 
crassiclens Seeley 
Cuvieri Bowerb. ? 
dentatvs Seeley 
enchorhynchvA Seeley 
en/rygTvaihus Seeley 
machoerorhynchua Seeley 
microdon Seeley 
nasvius Seeley 
Oweni Seeley 
oxyrhinuB Seeley 
platyrhinua Seeley 
polyodon Seeley 
scaphorhynchus Seeley 
Sedgwicki Owen 
simus Owen 
tenuiroatris Seeley 
xyphorhynchua Seeley 
Omitkoatoma sp. 
Fatricosavrus merocratiis Seeley 
Pledosaurus euryspondylua Seeley 
ophiodeirus Seeley 
platydeirus Seeley 
pcecUospondylua Seeley 
Ci*) Folyptychodon interruptus Owen 
Protostega anglica Lyd. 
Rhinochelys hrachyrhina Lyd. 

cantabrigiensis Lyd. 
elegans Lyd. 
Jessoni Lyd. 
macrorhina Lyd. 
puZckriceps Owen 
Stereosaurus cratynotvs Seeley 
*iSy7ig(mo8auru8 macrocercus Seeley 
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Jessoiii Sm. 

'ic/U/tys {Sauroceph 
. .tr'.,* cantahrigiensis : 
uHTquid&n8 Sm. 
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.:yi'u\lon crassua Xewt 
htmino8U8 X. 
y^tfec/i Newto 
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., /f*/«« Newton 
^ planus Newton . 
^v:i«»#Hi acuminata Ag. 
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graeilis Ag. 
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Mbukaa Hci and < 
'4 api (soalea) 
.;/« il^ii Sm. ^Vf 

^' " VW Air. » 



4^ 



114 THE CRETACEOUS BEDS. 

Reftiua (corU.), 

Trachodon carUahrigiensis Lyd. 

Trachydermochdys (? Rhinockelys) phlyctcmtts Seeley 

AVES. 

EncUiomis Barretti Seeley 
„ Sedgwicki Seeley 

Pisces \ 

Anoemodus Carteri Sm. Woodw. 
„ confertus Sm. Woodw. 

„ superbtts Sm. Woodw. 

Arthrodon crassus Sm. Woodw. 
„ Jessoni Sm. Woodw. 

Bdonostonvus sp. 

Cimolichthys {Saurocephalus) striatus Ag. 
Ccelodus cantabrigierms Sm. Woodw. 

„ incequidens Sm. Woodw. 
Drepanopkorus canaZiadattts Eg. 
Edaphodon crassvs Newton 
* „ laminosus Newton 

Reedi Newton 
Sedgwicki Ag. 
{1*)Enchod'U8 halocyon Ag. 
*Hyhod%bs sp. 
*l8chyodus hremrostria Ag. 
„ latib8 Newton 
„ planus Newton] 
\Lamna acuminata Ag. 
*t 99 appendicuUUa Ag. 
*t „ gracilis Ag. 

„ plicatella Renss 
*t „ svhvlata Pict. and Camp. 
Lejndotus sp. (scales) 
Lophiostomus affinis Sm. Woodw. 
\Oxyrhina Tnacrorhiza Pict. and Camp. 
„ Mantelli Ag. ? 

1 A. Smith Woodw. GeoL Mag, Deo. 3, vol. x. (1893), p. 489; and 
ih. Dec. 4, vol. xi. (1896), p. 207. 
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Pisces (cont,). 

*Pachyrhizodas glyphodus Blake ? 
PlethodtLS expansuB Dixon 
*Portheu8 gavltirms Newton 
Protosphyrcena hrevirostrU Sm. Woodw. 

depressa Sm. Woodw. 
ferox Leidy 
Keepingi Sm. Woodw. 
omcUa Sm. Woodw. 
tenuiroBtria Sm. Woodw. 
PtychoduB spectabUts Ag. 
Pycnodus cretaceus Ag. 

„ paralleltut Eg. ? 
Sph&nonchus sp. 



MOLLUSCA. 




Cephalopoda. 




*t-4mm<mtVe« awn^iw Sow. 


t 


n 


„ var. rena%bxianu8 D'Orb. 




n 


„ var. Salteri Sharpe 


* 


)) 


ccelonotus Seeley 


(?t) 


» 


„ var. valboimenm Heb. 




» 


glosBonotibs Seeley 


*t 


»> 


latidorsatus Mich. ? 


*t 


99 


plamUatus Sow. 


*t 


99 


„ var. mayonarma D'Orb. 


*t 


99 


rauliniamts D'Orb. 




99 


„ var. tetragonus Seeley 


(?t) 


99 


rhamrumottLS Seeley {=gard<micu8 Heb.) 




99 


„ var. sexangulatus Seeley 


♦t 


99 


roBtratus Sow. 


*t 


99 


„ var. candolliamL8 D'Orb. ? 


*t 


99 


„ var. ivflatus Sow. 


*t 


99 


gplendens Sow. 


« 


99 


„ var. crattLS Seeley 




99 


„ var. lepttts Seeley 


*t 


99 


Studen Pict. and Camp. 


t 


19 


timotheanvA Mayor 



8—2 



116 THE CRETACEOUS BEDS. 

MoLLUSCA (cont,). 
Cephalopoda (cont), 
f Ammonites vraconnerms Pict. 
„ Woodtoardi Seeley 

*Anci/loceras tvherculatum Sow. 
^fAnisoceras armatum Sow. 
*t „ savsiureanum Pict. 

fBacuZites baculoides D'Orb. 
*t „ Oavdini Pict. and Camp. 
^^BeUmnvtea minimus Lister 
*t „ ultimus D'Orb. (var.) 

ConotetUhis sp. 
*\Hamite8 intermedials Sow. 
*t „ virgvlatus Pict. 
*\Helicoceras rohertianvm D'Orb. 

„ ^tuberculatum (? auct.) 

*\Nautilus albensis D'Orb. 
*(?t) „ arcuatus Desh. 

*t „ clementinus D'Orb. 

* „ inasqualis Sow. 

t „ largilliertianus D'Orb. 

* „ Montmollini Pictet? 
*\Scaphites hugardianus D'Orb. 

t „ „ var. Meriani Pict. and Camp. 

* „ „ var. simpleos Jukes-Browne 
*iTuirrilites Bergeri Brongn. 

* „ elegans D'Orb. ? 

„ emeridanus D'Orb. ? 

*t „ hugardianus D'Orb. 

„ nobilis Jukes-Browne 

t „ puzosianus D'Orb. 

„ Wiesti Sharpe var. cantabrigiensis 

Gasteropoda. 

Acmcea tenuicosta Desh. 

„ „ var. tenuistriata Seeley 

*fAporrhais carinata Mant. 

* „ elongata Sow. 
*t „ m^arginata Sow. 
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MoLLUSCA (cont,). 
Gasteropoda (cont,). 
*fAporrhai8 Parhinsoni Sow. 
*fAvellana hugardUma D'Orb. 
*t „ incrassata Sow. 
„ ventricosa Seeley 
„ sp. 

*Brachy8toma angvZare Seeley 
*Bv/icinum gavltinum D'Orb. 

CerUhium sp. 
*Chemmtzia tenuUtriata Seeley 
fCrepidiUa Cooksonice Seeley 
*t „ gauUina Buv. 
Funis dongatus Seeley 
Fu8vs quinquecostatus Seeley 
*(?t) „ Smithi Sow. 

„ tricostcUzLS Seeley 
Oilbvla levistricUa Seeley 
Bipponyx Dixoni Desh. ? 
LUtorina crebricostata Seeley M.S. 
*fj^atica Clementina D'Orb. 
*t „ gavXtina D'Orb. 
* „ leviatriata Jukes-Browne 
t „ Kkodani Pict. and Roux 
Nerinoea sp. 
*Q\)Nerita cancellatus Seeley {indedsvs D'Orb.) 
„ nodvloBa Jukes-Browne 
„ {Neritopsis) acalaris Seeley 
0mithopu8 hiatochila Gard. 
*t „ retusus Sow. 

„ „ var. glohvlatvs Seeley 

fPleurotomaria allobrogensis Pict. and Roux 



*t 




Oibbsi Sow. 


(?*)t 




iieriana Pict. and Camp. ] 






Juked Seeley 


t 




La Harpi Pict. and Roux 


*(?t) 




lima D'Orb. 


t 




reginxi Pict. and Roux 


*t 




Rhodani Brong. 
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MoLLUSCA {cont.). 
Gasteropoda (cont.), 
*fFleurotomaria Eotuci D'Orb. 

„ semiconcava Seeley 

t „ vraconnensis Pict. and Camp. 

Solarium Carteri Seeley 
*t „ deTUatum Desh. 

* „ granosum D*Orb. 
*t „ omatum Sow. 

„ planum Seeley 
t ^ rochatianum Pict. and Eoux 
„ Sedgwicki Seeley 
Stomatodon politus Seeley 
Tomatella pyrostoma Seeley 
„ sp. 

^Tv/rho pictetiantu D'Orb. {nodosus Seeley) 
Scaphopoda. 

Dentaliwm, decussatum Sow. 
Lamellibranchiata. 
*fArca httgao'diana D'Orb. 

* „ nana D'Orb. 
*fAvicula gryphceoides Sow. 
*^iGardita tenuicosta Sow. ? 

*CtumUcBa glabra Park. 
*\Exogyra conica Sow. 

* ^ „ var. plicata Sow. 
*t „ ravliniana D'Orb. 

iFimhria gavltina Pict. 
*Oervillia aolenoidea Defr. 
Hinnitea pectin^attts Seeley 

„ Stvderi Pict. and Rous 
„ trilinearia Seeley 
''^^Inoceramus concerUricus Park. 
*t „ svlcatvA Park.] 

fisoarca Agassizi Pict. and Roux 
*Leda solea D'Orb. 
*fLima elongata Sow. 

* „ globosa Sow. 

„ interlineata Jukes-Browne 
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MoLLUBCA (cont), 

Lamellibranchiata (cont). 

*fLima rauliniana D'Orb. 
*Lucina tenera Sow. 
*iN€Uhea quadricostata Sow. 
*t „ quinquecoBtata Sow. 
^Nwcula cUbensis D'Orb. 
*t „ bivirgata Sow. 
*t „ ovata Mant. 

„ rhomboidea Seeley 
„ subelUptica Seeley 

* „ vibrayeana D'Orb. 
*iOBtrea frons Park. 

*t „ vesicularis Sow. 
{1i)Pecten aptiensis D'Orb. var. Barretti Seeley 
*t „ orbicularis Sow. 
*t „ ravMnianus D'Orb. 
„ Bubacvtus D'Orb. ? 
*Pema lanceolata Gein. 

„ oblonga Seeley 
*t „ rauliniana D'Orb. 
„ semidliptica Seeley 

* ,y Bubspathulata Eeuss 

{l*)Pholadomya dectufsata Sow. var. triangularis Seeley 
*fFlicatula pectinoides Sow. 
*t „ sigUlina Woodw. 
*\Spondylus gibbosus D'Orb. 
*iTellina phaseolvna Pict. and Camp. 
Teredo sp. 

Brachiopoda. 

*fKin^ena lima Defr. 
fRhynchonella dimidiata Sow. 

„ „ var. convexa 

(?*)t „ sulcata Park. 

*\TerebratvZa biplicata Sow. 

„ „ var. dutempleana D'Orb. 

*t „ „ var. obtusa Sow. 
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Crustacea. 

Cyphonotus incertus Bell 
*DiauUix carteriaTui Bell 
*Etyus Martini Mant. 
„ dmilis Bell 
Eucorystes Carteri McCoy 
Olyphoea Carteri Bell 

* „ cretacea McCoy 
Hemioon Cimingioni Bell 

*Homolop8is Edwardi Bell 
*Hopl<yparia scabra Bell 

* „ svldrostris Bell 
*Necrocarcinv>8 Beechi Deslong. 

* „ tricarinatus Bell 

* „ Woodwardi Bell 
*Pal€eocoryste8 Stokesi Mant. 

Phlyctisoraa granvlatum Bell 

„ ^i^Wct^o^z^m Bell 

*Scal/pellum arcuaiv/m Darw. 
„ glabrum Koem. ? 

* „ lasve Sow. 

* „ unguis Sow. 
ScUlaridea cretacea Seeley M.S. 
Squilla McCoyi Seeley M.S. 
XarUhona granulosa McCoy 

Annelida. 
{%*)iS€rpvla articukUa Sow. 

* „ pUams Sow. 

ECHINODEBMATA. 

*Cidaris gaultina Forbes 
OalerUes castaneus Brong. ? 
*Hemiaster McCoyi Seeley 
Hemipneu^stes sp. 
fHolaster Uems Deluc. 
*Pentacrinus FUtoni Aust. ? 
Pseudodiadema Barretti Woodw. 

Carteri Woodw. 
fuTigoidefwm S>ee\e^ 
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ECHINODERMATA (cont), 

Paevdodiadema intertvhercvlatum Seeley 
„ inversum Seeley 

„ orruanm Goldf. 

„ scriptum Seeley 

„ variolare Brong. 

Salenia sp. 

ACTINOZOA. 

^Isastrcea sp. 

*fTrochoct/athtu cmguUUus Dune. 
*t „ c(ymdu8 Edw. 

*t „ harveyanua Edw. 

Hydrozoa. 

Parheria compressa Carter 
„ nodosa Carter? 
„ sphcerica Carter ? 

PORIPERA. 

Acanthophora Hartogi Soil. 
*(if)Bonnei/ia baciUiformis Soil. 
„ cylindrica Soil. 
„ Jessoni SolL 
„ scrobicidata Soil. 
„ verrongiformis SolL 
Brachiolites tuhvlatus T. Sm. 
CephalUes Benettue Mant. 
„ capitcUus T. Sm. 
„ compressus T. Sm. 
(]*) „ guttatus T. Sm. 
Evbrach/us dausus Soil. 
*Hylo8p(mgia Brum SolL 
„ calT/x Soil. 

„ pcUera Soil. 

Pharetrospongia Strahani Soil. 
*PolyacarUha Etheridgi Soil. 
fRetia costcUa SolL 
♦ „ simplex Soil. 
*Rhahdospongia communis Boll. 



122 THE CHETACEODS BEDS, 

PoBiPKRA (cont.). 

VeTitrieulitei eavatut T. Stu. 

„ mammiUaria T. Sm. 

• „ quincuncudk T. Stn. 

„ t&eturatui Ooldf. 

Exposures. The importation of phosphate of lime 
from America and Belgium and the email demand for the; 
material owing to agricultural depression have caused! 
most of the pits to be closed, and the majority of the pitSj 
mentioned in the Sui-vey Memoir are now deserted <a 
filled up. Some are still open near Orwell and Homing- 
sea. At the Mill Road Cement Works the nodules arc 
dug out and washed when a certain area of the overlying 
Chalk Marl has been removed. 

The relations of the Gault, Cambridge Greensand, anot 
Chalk Marl are well seen in the large pits near HauztoD. 
Mill, where the Chalk Marl is dug for cement. 

The heaps of washed material usually yield on esam- 
ination a number of fossils, but the best ones must be 
obtained from the workmen. The more fragile specimens 
are broken in the process of washing and must be sought 
for and extracted from the bed in situ. 



Characters and thickness. Having now considereii 
the basement layer we turn to the main mass of thi 
Chalk Marl'. This consists in Cambridgeshire principall; 
of greyish calcareous marl, with occasional bands of hardee 
blocky marl or 'clunch.' The lower part passes down 
' The zonal BuMivieioDa and noiuenclatura here adopted are tboM 
employed by MeBsrs W, Whitafeer and Jukes-Browne in the " Geology ot 
Loudon'' (Mem. Geol Sun. 1889), vol. i. p. 38. 



* 
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gmdually into the Cambridge Greenaand and is ftili of 
glftuconitic grains. 

The lithological characters of the Chalk Marl alter as 
it is traced north from Cambridge, the upper part iirst 
becoming harder and whiter, and ultimately the lower 
part also, till beyond Grimaton in west Norfolk the whole 
division consists of hard chalk. North of Marham in the 
same county the lower marly portion with glauconitic 
grains gives place to a hard whitish limestone which at 
Hunstanton rests directly on the Red Chalk and is 
known as the "Sponge-bed" {Fig. 7, p. 84). 

In addition to this lithological change the Chalk Marl 
in common with the other beds of the Lower Chalk 
suffers a considerable diminution in thickness as it is 
traced north. Throughout Cambridgeshire its thickness 
is everywhere about 60 feet, but beyond Stoke Ferry in 
Norfolk it is found to decrease, till at Hunstanton it is 
only 18 feet (Fig. 9, p. 97). 

Occurrence. The Chalk Marl forms a low undulating 
strip of ground of varying breadth, lying for the most part 
on the east side of the valleys of the Cam and the Rhee. 

The base of the formation has been traced by the 
' coprolite ' diggings in the Cambridge Greensand found 
all along its outcrop. It enters the county near Guilden 
Morden and then runs north-eeist in a somewhat irregular 
line past Harston to Cambridge. Its further course is 
along the east bank of the Cam to a little past Homing- 
sea, beyond which it makes a sharp bend back southwards, 
and then is continued in a general north-easterly direction 
under Burwell Fen to Wicken and Soham, beyond which 
it is hidden by the fen deposits till we enter Norfolk. 

The outcrop of the whole mass of Chalk Marl is 
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between one and two miJea in breadth in the southei 
part of Cambridgeshire, but it increases in width nei 
Shelford owing to the bay formed by the Granta valley, 
A promontory composed of higher beds stretches out to 
the west about half a niil« south of Cavendish College 
(now the Homerton Training College) and narrows its 
outcrop, but north of tbis it again broadens considerably 
past Cherry Hinton and Fulboura. A ridge of higher 
Chalk beds from the main mass of Chalk in the east juts 
out as far eis Stow-cum-Quy and separates off another bay 
to the north near Bottiahani. Beyond this latter bay the 
outcrop narrows and runs past Reach, Fordham, and 
Burwell to sink below the fens till we reach Norfolk. 
Cherry Hinton, Teversham, Fen Ditton, Homingsea, 
Stow-cum-Quy, Wilbrahani Fen, Bottishara, Swaffham 
Bulbeck, Long Meadow, Reach and Burwell Fen are all 
situated on this principal line of outcrop of Chalk Marl. 

Numerous outliers occur to the west of this main 
mass. The largest one of these ia between Barrington 
and Eversden, and has its high central portion formed of 
higher beds of Chalk capped by Boulder Clay. Its boundary, 
roughly speaking, runs by Orwell and Wimpole, then 
north to Kingston, and then south-east through Eversden 
to Haslingfield, where it bends south to Barrington and 
Harston. This mass is for all practical purposes an 
outlier though it may be connected with the main masa 
of Chalk to the east by a narrow neck of Chalk Marl 
below the alluvium of Haraton. A smaller outlier to the 
south lies near Arrington. 

The next most important outlier is the Grantchester- 
Coton mass. The boundary of this passes from Grant- 
chester to Barton, thence to Hai-dwick and thence east 
to Coton. South of this village and on the east side of 
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the outlier there ia a huge bay running into it and 
nearly dividing it into two parts. The western part of 
this outlier ia concealed beneath Boulder Clay, 

A small outlier lies close to the northern cape of the 
large bay in the Coton outlier, and forma the ridge 
■which extends eastwards from the Observatory to Caatle 
Hill and northwards on the road to Girtou. 

There are several less important outlying patches of 
Chalk Marl, as shown on the one-inch Geological Survey 
map, near Orwell, Comberton, Haslingfield and Chesterton. 



EzpoBUrea. The lowest beds are seen in most of the 

coprolite ' diggings in the Cambridge Greensand, as at 

I Hauxton, Earrington, and the Mill Road Cement Works. 

The upper part of the Chalk Marl is seen in the 
' northern pit at Burwell, underlying the Burwell Rock 
1 (see p. 127). The Madingley pit, S.E. of Madingley village, 
t lay the roadside, is too much overgrown now to allow the 
\ section to be examined. 

Near Shepreth, close to the Great Northern Railway, 
I are several large cement pits in the Chalk Marl, 

Economics. The Chalk Marl is largely dug for 
cement. Pits are open and large works erected on the 
Mill Road, Cambridge, also near Shepreth, and at other 
places between Cambridge and Royston. 

From the base of the Chalk Mart springs are thrown 

I out, the water being held up by the Gault below. From 

' the fact that the water issues from the basal phosphatic 

nodule or ' coprolite ' bed these springs are sometimes 

I locally called the " fossil springs," 

Agriculturally the Chalk Marl forms a rich tract ; the 
^Boil IB entirely under cultivation and produces rich com- 
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Fossils of the Chalk Marl. 

(Zone of Ammonites varians.) 
Pisces. 

Lamna appendicvlata Ag. 

MOLLUSGA. 

Cephalopoda. 

AmTTumites varians Sow. 

Lamellibranchiata. 

Inoceramus latus var. reachensis Ether. 
Limxi glchosa Sow. 
Ostrea vesictdaris Lam. 
Pecten orbicularis Sow. 
Plvcatvla ivflata Sow. 

Brachiopoda. 

Kingena limu Defr. 
Rhynchonella grasiana D'Orb. 

„ m/arUeUiana Sow. 

„ Martini Mant. 

Terebratvla biplicata Sow. 

„ semiglobosa Sow. 

TerebratuZina gracilis var. nodtiZosa Ether. 

„ striata WahL 

„ triangularis Ether. 

ECHINODERMATA. 

Cidaris dissimilis (spines) Forbes ? 
Discoidea subucula Klein 
Holaster subglobosus Leskef 

Annelida. 

Serptda annvlaia Beuss 
Vermicularia umbonata Sow. 



f (2) THE 
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(2) THE ZONE OF HOLASTE& SUBGLOBO.Sb'S. 
[a) THE BUEWELL BOCK OB TOTTERNHOE STONE, 

General remarks. This well-marked bed forms the 
base of the Zone of Holaster subglobosus thioughout eastern 
and south-eastern England. In Cambridgeshire the local 
name " Eurwell Rock " is applied to it, aod as a water- 
bearing stratum and source of a local building stone it is 
of considerable importance. 

Characters and thickness. The bed consists of a 
light brown or buff sandy chalk, hard and gritty at the base 
and compact and homogeneous above. The roughness and 
gritty texture of the rock are largely due to the abundance 
of small braken fragments of /noceramwa-shells. Cal- 
eareo-phosphatic nodnlea are scattered through the bed 
but are chiefly collected in the basement layer which is 
fill! also of organic remains. This basement layer — locally 
known as ' brassil ' — is composed of a hard grey gritty 
stone crowded with the calcareo-phosphatic nodules which 
have an apple-green coat but are of a light brownish -yellow 
colour inside. They vary from the size of a pea to that of 
a potato. The overlying beds consist of a compact grey 
rock which is easy to dress, and it is this stone which is 
and has been for centuries quarried for building purposes. 

Round Cambridge the thickness of the Burwell Rock 
is about 15 feet, as at Cherrj Hinton. At Eurwell it is 
about 20 feet thick, and of this thickness the basement 
layer occupies from six inches to a foot. At Stoke Feny 
the whole bed has decreased to 5 feet in thickness, and at 
Dersingham to 2^ feet, while at Hunstanton it is only 
I 2 feet thick. 



I 



I 



128 THE CRETACEOUS BEDS. 

The fine quartz aand which is one of the constituents 
of the rock at Tottemhoe and is also present in Cambridge- 
shire is almost absent at Hunstanton. 

The persistent and marked characters of this rock are 
most useful in tracing the Chalk across country. But it 
is seen that in common with the underlying beds it thins 
towards the north and shows a diminution in the amount 
of mechanical sediment. 

Occurrence. The Tottemhoe Stone forms an im- 
portant horizon in Buckinghamshire, Bedfordshire and 
Hertfordshire, and its mode of occurrence in these 
counties has been described by Mr Whitaker (Mem. 6eoL J 
Sm-v. vol. IV. 1S72). I 

From Ashwell it haa been traced past Shepretli,^! 
Harston, and Shelford to Cherry Hinton. At varionsj 
points along its course it throws out springs from its bas^.l 
the water being held up by the ai^llaceous marls below^ 
The Nine Wells at Shelford and Shardelow's Wdfl 
near Fulhoum are instances. These springs are of greidn 
assistance in following its outcrop. At Cherry Hinton tb^| 
topmost four feet of the Stone is exposed in the low^J 
part of the quarries. Near Fulboum the water from i%M 
forma the main supply of the Wilbraham river. Further " 
to the north-east the Lower Chalk is disturbed and 
two or more anticlinal axes exist which bring up the 
Chalk Marl on each aide of Burwell. At Burwell itself 
in the three quarries the Burwell Kock is well seen. 
North of Burwell the outcrop runs to Fordham and 
Isleham, and beyond it ia more or less hidden beneath 
the fens till we enter Norfolk. In the outliers to the 
west this rock is seen in several quarries, as at Has- 
lingfield. 
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EconomlcB. Near SwaffTiam Prior and Eurwell the 
bed is burnt for lime. 

Thu hard basement layer or ' brassil * is broken up 
and used for road-metal in the fens. 

The compact and easily dressed rock has long been 
quarried for building purposes at Eurwell, and was 
formerly procured at Cherry Hinton. It is especially 
suitable for internal decoration, being quite dui-ahle when 
not exposed bo the weather. 

The bed is an important water-bearing stratum, more 
from the occurrence of numerous joints and fissures than 
from its porous character. 

The water which accumulates in it by percolating 
through the overlying permeable Chalk is thrown out 
as springs along its outcrop as above mentioned. Owing 
to the occurrence of the synclinal beneath the GJog 
Magog Hills which affects the Eurwell Rock in common 
with the other beds an excessive amount of water collects 
in the fissures which traverse it. Where the trough 
emerges on the surface of the ground, as at Cherry 
Hinton, an unusually strong spring is found. 

Palaeontology. The fossils of this bed are abun- 
dant, especially in the basement layer. In the following 
list the commonest forms are marked with an aste- 
risk. 



*Bery.v sp. 

Cofo^r ap. 
"Dercetii sp. 

Lamna appewiiculata Ag. 

Notidanui ap. 

Ptyekodim ap. 



^ 
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MOLLUSCA. 

Cephalopoda. 

Ammonites lewesiensis Mant. ? 
„ Mcmtelli Sow. var. 
„ navicvlaris Mant. 

* „ rhotom^gensis Brong. 

„ „ var. cenomunensis lyArch. 

* „ variant Sow. 

„ „ var. Coupei Brong. 

Belemnitella plena Blainv. var. ? 
NavZUue deslongckampsianw D'Orb. 

„ elegans Sow. 

„ peeudoelegans D'Orb. 

„ r^ectus Seeley M.S. 
Scaphites ceqtudis Sow. 
Trigondlitee sp. 
Turrilitee costatus Lam. 

„ scheuchzerianus Bosc. 

„ tvherculatvs Bosc. 

Gasteropoda. 
Aporrhais sp. 

CerUhium omatisdmum Dash. 
Pl&wrotomaria perspectiva Mant. 

,, sp. 

Scalaria fasciata Ether. . 
Solarium dentatum Dash. ? 
TrochiLS sp. 
Turbo sp. 

Scaphopoda. 

Bentalium majvs 

Lamellibranchiata. 

Anemia papyracea D'Orb. var. hurwellenm Ether. 
Avicula dvhia Ether. 
„ filata Ether. 
» gryphxjeoidea Sow. 
Inoceramus convexvs Ether. 

„ „ var. quadratus Ether. 

„ latus Mant. var. reachenms Ether. 
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Moll DSC A (cont.). 

Lamellibrancbiata (sont.). 
Iiima agpera Maiit. 

»„ ecMnaCa Ether. 
• „ globoia Sow. 
Nekhea quinguecoalatiis Sow. 
Oitrea acyttrottru Nibs. 

„ curvirottrU Nilsa, var. inflexa Ether. 
„ jroTu Park. 

„ {E^aogyra) haliatoidea, Sow. 

„ vencularii Lam, 
Peotai Beaveri Sow. 
„ elongatas Lam. 1 

* „ Jlmcoita Ether. 

* „ orbiciUaris Sow, 
Pholadomya decuuata Phil. 
PiireBiT tegviata Ether. 

*Plicalula infiata Sow. 
Spondyhie ttriatui Sow. 
Teredo ampkubcena Goldf. 
Ibachiopoda. 

Kingena lima D(jfr. 
RkyTichondla graiiana D'Oi-b. 

* „ mantelliana S<iw. 
. „ Martini Mant, 

Terebralala Hplicata Sow. 

* „ temigloboia Sow. 
„ iqv.amo/a Mant. 

Terebralnlina gracilis Schl. var. nodulosa Ether, 
itnata Wahl. 
BOHIHODEBUATA. 

Oidaria dimmilis (spioe) Forbes) 
Cyphosoma ep. ? 
IHiooidea mibucida Klein 
Hemiaster Marriti Forbea 
'Holagter sahglohositi Leske 
Pentacrima Fittoni Aust. 
Pseudodiadejiia sp. 
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Eaoploel^lia hreBitnana McCoy 

„ Imajei Mant, 

Olyphaa aretacea McCoy 
Nacrocarcinvf Woodwardi Bell 
PoUicipet glaber Eom. 



Annxlida. 

Serpida 



antiqaata Bov. 
„ riatiea Sow. 
Vemtioidaria umboaata Sow. 

AoimozoA. 

Ccelotmilia sp. ? 
Micrdbada ayronvla Goldf. 
Onchotrochm terpentinui Sow. 



Characters and thicknesB. These beds are abont 
80 feet thick at Cherry Hinton ; the lower 30 feet or so 
consist of ordinary grey chalk ; the upper part of hard 
white chalk. Both parts possess remarkable curved 
divisional lines, which appear to be entirely due to a kind 
of curvitabular jointing and not to lenticular bedding. 
The irregularity of the bedding is characteristic of the 
whole zone. Messrs Jukes-Browne and Penning express 
the following opinion' : " It is a matter of some doubt 
whether this structure can be termed bedding in the true 
3 of the word. We question whether it is any proof 
of current action, and would suggest that the curvedrd 
surfaces may be due to the contraction of a homogeneouSil 
mass in the absence of any definite bedding planes. We'iJ 

I Mem. Geal. Sm-v. Explan. Quart. Sheet 51, S.W. p. 61. 
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believe, in fact, that they are lines of jointing rather than 
of bedding." 

There are nodule beds at Litlington and Swaffbam 
Bulbeck in the upper part of this zone, but they are not 
continuous and are absent at Cherry Hinton. 

Local erosion of the upper part appears to have taken 
place before the deposition of the Belemnite Marls, as at 
Chalkshire near Wendover', bui the zone is at its thickest 
near Cambridge, 

At Hunstanton the total thickness of the beds is only 
35 feet, for they partake in the general thinning of the 
Lower Chalk when followed northwards. 

Occurrence. The outcrop of these beds is defined 
by that of the underlying Burwell Rock and that of the 
overlying Belemnite Maria and Melbonrn Rock. It runs 
from Hitchin a little north of Koyston, past Melboum, 
Foxton, Newton and Shelford to Cherry Hinton, occupying 
an area which averages a mile and a half to two miles in 
breadth. It passes then eastwards to Fulboum, forming 
the steep slopes down to the village and the high ground 
on the south-east border of Fulbourn Fen. Thence it 
stretches to Great Witbraham and passes Swaffham Prior 
and Burwell to bend sharply south-eastward towards 
Esning and Newmarket. North of the tatter place it 
runs to the west of Mildenhall and passes into Suffolk and 
Norfolk", but is considerably hidden beneath the fen 
deposits. 

The large outliers of the Upper Cretaceous which lie 

' W. HiU and Jukea-Browne, "The Melboum Hook," etc., Q.I.O.S. 
vol. XI,::. (1886). p. 227. 

' W. Hill and Jukas-Browne, "On the Lower Part of the Upper 
CretaooouB in Weat Suffolk and Norfolk," Q. J. G. S. vol. sliii. (1887), 
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on the Gault plain to the west of the Cam are capped by 
beds belonging to this horizon. 

Exposures. The Cheny Hiuton chalk-pit offers one 
of the best and most accessible sections in the neighbour- 
hood. The zone is here about 80 feet thick. The western 
face of the quarry shows the greyiih chalk — about 30 feet 
thick — forming the lower part of this zone and resting on 
the Burwell Rock. Above this greyish chalk the thicker 
and harder white chalk is seen in the eastern and higher 
parts of the quarry. The curved jointing is very well 
displayed in this pit, and fossils in the lower beds are 
feirly common. The clunch pit at Newton appears to be 
opened in the upper beds. 

The lower beds with their characteristic fossils are well , 
seen in the pits at Burwell. 

Palsontology. Thu follo^ving fossila have beos I 
found in the Cambridgeshire area in this zone, but the I 
fauna is very scanty: — 

Rbptilia. 

Dolickosawrai longicoUU Owen 

Saurospondylui diieimUis Seeley (? from this zone) 
Mollusc A. 

Pecien JUsicosta Ether, 
„ orhiffidarU So"w. 

Bbachidpoda. 

RkyndtoneUa manteUiana Sow. 

„ Martini Maut. 

Terebrattila temiglohota Sow. 
Terebraiulina striata Wahl. 

ECHINODERJIATi. 

EolaMer iuhglobomi Leake 
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(3) THE ZONE OF BELEMNITELLA PLENA. 
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Creneral remarks. It is only since the year 1886 
that this zone has been definitely traced through this 
area'. Formerly it was not separated from the overlying 
Melbourn Rock, but was grouped with it at the base of the 
Middle Chalk, and this plan was followed by the Geo- 
logical Survey in 1881. But now these marls containing 
Belemnitella plena must be regarded aa forming the top 
of the Lower Chalk, They are commonly known as the 
Belenmitc Marls." 

Characters and thickness. In Cambridgeshire this 
zone is composed of two principal layers of marl separated 
by a hard rocky band. 

The lower layer of marl is shaly, of a greenish-grey 
colour, and in places paases down gradually into the chalk 
beneath, but elsewhere rests on an uneven surface of tough 
dull white chalk which baa different microscopical characters 
from those of the chalk elsewhere underlying the marls. 
This change in the relation of the basal layer to the beds 
below is held by Messrs Hill and Jukes-Browne to be due 
to contemporaneous erosion". 

The lower layer of marl averages 1 to 1\ feet in 
thickness throughout Cambridgeshire. It contains in 
places {e.g. Royston) pieces of unaltered white chalk 
similar in structure to the Lower Chalk into which the 
marl passes. Occasionally these fragments are so nume- 
;zous as to give a mottled appearance to the marl. 




W. Hill and A. J. JuieB -Browne, "The Melbourn Book," etc., Q.J. G.S. 
ill. (1886), p. 216. 
op. nit. p. 225. 
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The middle rocky band consists of hard white smoot 
chalk passing occasionally into a peculiar nodular 
bled' rock, which is found to be composed of "m 
less rounded fragments of chalk from the size of a 
to that of a pin's head, set in a greyish matrix, composed 
largely of shell-fragments,*' and it is held by Messrs 
Jukes-Browne and Hill to be the result of the breaking 
up of a bed of semi-conaolidated chalk by the action of 
a gentle current. Some of these characters are however 
probably due to concretionary action. This band is aboal 
2 feet in thickness. 

The upper layer of marl varies from 3 to 5 feet ii 
thickness and is of a greyish-buff colour with a harsh 
gritty texture. 



Ocourrence. To the south of Cambridge at Sbelford, 
Harston, Foxton, Melboum, Boyston, Litlington, and 
Ashwell this zone has been discovered in several pits, and 
details of these sections are given by Messrs Hill am 
Jukes-Browne (op. dt.). At Cherry Hinton 
band of yellowish gritty laminated marl represents it, but 
further to the north-east its persistence is largely conjec- 
tural, owing to lack of exposures. The overlying Melboum 
Rock forms a more or less distinct surface feature, and the 
Belemnite Maris are presamably present beneath it all 
ihe way to Swaffham Bulbeck, where they are seen in 
two pits east of the village^ 

In Norfolk the muddy marly element ia gradually 
eliminated as the beds are followed northwards, and in the 
absence of fossil evidence the horizon cannot be distin- 
guished from the contiguous beds of chalk. 

■ Mem. Gcol. Surv. Explan. Quart. Sheet 51, S-W. p. 59. 
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Exposures. In the pit on Steeple Hill at Shelford 
there is a fairly good exposure, but it is considerably 
weathered. 

The lime-kiiu pit at Melbourn gives the following 
section' : — 

ft. 
Top soil, rubble and much broken chalk ... 8 

Bedded white chalk 4 

Melbourn (Thin bedded yellowiah cialt, rather hard ... 4 

Rook l.Hard rough nodular rock 3 J 

Soft laminated marly bands encloaing harder 
grejiah marly chalk . . . ... ... 1 

-. Grey *narly uhalk 2 

Bd. plena j -^^^ ^[^^j^ ^.^j^^ ^j^^^ ^j^l^ smooth fracture 2 

Grey marly chalk 1^ 

White chalk ... 2 

In a pit by the roadside a mile N.W. of Royston the 
marbled rock' is seen resting on grey marly chalk and 
overlaid by buff-coloured thin beds of marl, etc. 

Paleontology. The following fossils are recorded by 
Messrs Jukes-Browne and Hill from this zone in Cam- 
bridgeshire : — 

MOLLCSCA. 

BdenmiteUa plena Elainv. 
Ottrea vedoularis Lam. var. Baylei 
Bbachiopoda. 

BJiynckonMa plictUilie Soot. 
Terebrattda bipHcala Broc, 
„ temigioboia Sow. 

N.B, It ahould be noted that the total thickness of 
the Lower Chalk diminishes from 170 feet at Newmarket 
to 55 feet at Hunstanton. The changes in the individual 
have been mentioned above, 

1 W, Hill and JukeB-Browne, op. cil. p. 221. 
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THE MIDDLE CHALK. 

(1) THE ZONE OF RHYNCHONELLA CUVIBRI. 

General remarks. This is a group of beds agreeing 
closely with that designated by Dr Barrois as the " Zone 
of Inoceramus labiatus" but Messrs Jukes-Browne and 
Penning in the Survey Memoir on Sheet 61, S.W., and 
subsequent writers on the Chalk of this area, prefer to call 
it the " Zone of Rhynckonetta Citvieri " fin account of the 
abundance of that species of Rhynchonella, and they include 
the Meibourn Rock at its base. 

{a) THE MELBODRN BOCK. 

The Meibourn Rock consists of a persistent and con- 
spicuous group of hard rocky beds at the base of the* 
Middle Chalk and of the Zone of Rhynchonella Ouvieri. 
Since the publication of the Survey Memoir its lower becb 
have been cut off to form the new subdivision, called the^ 
Zone of Belemnitella plena, above described. It should b©. 
borne in mind that the Meibourn Bock is a lithological 
horizon rather than a bed with special palteontologieal 
characteristics, and that its organic remains show its 
close connection with the beds immediately overlying it. 

Characters and thickness. The lowest bed of th&. 
Meibourn Rock, immediately overlying the Zone of BA 
plena, is a hard nodular rock, 3 or 4 feet thick, confii8tii]|f> 
of greenish-grey chalk crowded with small white nodules^ 
The upper beds arc of yellowish chalk with thin parting*-] 
of marl and layers of small nodules from 6 to 18 inches 
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apart. A few nodules are also scattered through the 
mass. A band of smooth rock sometimes occurs at a 
height of 9 or 10 feet from the base. 

The matrix and nodules are of the same general 
composition ; but the heavier particles, consisting chiefly 
of shell -fragments, are more abundant in the matrix, 
which appears to consist of the washed and sorted materia! 
composing the nodules. The total thickness of the 
Melboum Rock in Cambridgeshire varies from 6 to 10 
feet. 

Occurreoce. The Melbourn Rock is exposed at the 
localities mentioned above in describing the Eelemnite 
Marls. 

The beds are generally found capping the escarpment 
of the Lower Chalk, and give rise to a more or less marked 
feature in the landscape, particularly in the southern and 
central parts of the area. Outside Cambridgeshij'e, in the 
adjoining counties of Norfolk, Suffolk, Herts., etc. the 
Melboum Rock has been traced as a persistent horizon 
■with substantially the same characters, and the "Grit bed'" 
on the Kentish coast at the base of the Zone of Rhynchan- 
ella Guvieri exactly corresponds to it. 

Paleontology. The following fossils have been 
found in the Melboum Rock in Cambridgeshire :— 

MOLLOSCA. 

Inoceramu) ap. 
Shacbiofoda. 

BJ^Kchonella Cwneri D'Orb. 
TerebTOttUina ttriata Wiihl. 

EOHINDDERUATA. 

ddwit ap. (apinsH) 
-■ F. G. H. Price, Q. J. G. S. vol. mill. (1877), p. 431, and W. Hill, 
Q. J. G. S. vol. iLil. (1886), p, 232, 
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Characters and thickneaa. Bedded white chalk 
with occasional fliota and thin marly layers compose the 
remainder of the zone, and have a thickness of about 60 
to 70 feet. 

Occurrence. The area occupied by the outcrop of 
these beds lies between the two well-marked bands of bard 
rock — the Melbourn Rock below and the Chalk Kock 
above. Royston, Triplow, and Pampisford lie upon them, 
and they form the upper part of the high chalk ridge and 
promontory on the north side of the valley of the Lin 
extending from Linton to Cherry Hinton. Together with 
the overlying "Wandlebury Beds" and the Zone of 
Holaster planus they form the northern and western 
slopes of the Gog Magog Hills. Newmarket stands on 
beds of this and the succeeding horizon. 



Exposures. There are few good sections of these 
beds. By Stanmoor Hall vest of Whittlesford there is a 
small pit where beneath a few feet of river-gravel 8 or 10 
feet of rotten lumpy chalk are seen containing the zone 
fossil. A pit in a wood near Babraham has furnished 
many fossils from the upper part of this zone. The rock 
is exposed also at the top of the chalk-pit near the 
reservoir above the great Cherry Hinton quarry. 

Falsontology. The following fossils have been found 
in these beds of the Zone of Rhynchonella Cuvien in this 



Pisces. 

Pti/chodus decwrrei 
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MOLLUSCA. 

Lamellibranchiata. 

InoceramtLs labtattts Brong. {=mytiloide8 Mant.) 
„ n var. problematictis D'Orb. 

Brachiopoda. 

Rhynckonella Cuvieri D'Orb. 

„ „ var. (or young) 

„ marUelliarui Sow. 

„ Martini Mant. 

Terebratida semiglohosa Sow. 
TerehroUvMna gracilis Schloth. var. lata Ether. 

Annelida. 

Serpvla antiqimta Sow. ? 

ECHINODEBMATA. 

Cidaris dissimUis Forbes (spines) 
Echinoconua glohvXus Desor. 
„ tuhrotundus Mant. 
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(2) THE ZONE OF TEREBRATULINA GRACILIS. 

CreneraJ remarks. The strata composing this zone 
in Cambridgeshire have been termed the "Wandlebury 
Beds." They are composed of hard beds of chalk at the 
base, and cause a marked local rise in the ground. 

Formerly the beds which are now separated off as the 
Zone of Holaster planus were included as the upper 
division of the Zone of TerebratuUna gracilis (Geological 
Survey Memoir Explan. Quart. >iheet 51, S.W. p. 62). 

Characters and thicknesB. The zone consists of 
hard massive white chalk resembling the ChaJk Bock, 
Rhynchonella Cuvieri and Inoceramus lahiatus var. pra- 
blematicus are fairly common fossils in it. 

The total thickness of the zone is about 100 feet. 

Occurrence and ezpoBurea. There is a great lack 
of exposures of these beds in this aroa. Near Royston the 
lower part of the zone is seen iu some quarries, and the 
shape of the ground near Fampisford Hall leads one to 
suppose that it occurs here also. It crosses the railway 
near Babraham and appears in a small pit south ot 
Little Abington Grange. It is exposed again near Ful- 
bourn, Worsted Lodge, and Mutlow Hill. 

Palsontolo^. The following fo-ssils from this zone 
have been recorded in our area : — 

MOLLUSCA. 

I^amellibranchiata. 

Inoceramus Brongniarti Sow. 
„ lahiatus Brong. 

„ „ var. prohlematicus D'Orb. 
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MoLLUSCA (cont). 

Lamellibranchiata (cont.). 

Lima striata Sow. 
Ostrea vesicularis Lam. 
Pecten Beaveri Sow. 

Brachiopoda. 

RhynchoneUa Cuvieri IVOrb. 

„ „ var. (or young) 

„ plicatUis Sow. 

Terebrattda semiglohosa Sow. 
Terehratvlina gracilis Schloth. var. lata Ether. 

„ striata Wahl. 

ECHINODERMATA. 

Cidaris dissimUis Forbes (spines^ 
Discoidea Dixoni Forbes 
EchinocontLS svhrotundus Mant. 

ACTINOZOA. 

Parasmilia sp. 
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(3) THE ZONE OF ffOLASTER PLANUS. 

Gteneral remarks. These beds, once assigned to 
the underlying zone, are now' recogniaed as the distinct 
zone established by Barrois under the name of the Zone 
of Holaster plamis. 

Characters and thickneu. The zone, which is 
about 6U feet thick, consists of soft white homogeneous 
chalk with occasional layers of marl and flints. Silicilied 
sponges are generally common. 

Occurreoce and ezposureB. The hill-slopes below 1 
the outcrop of the Chalk Rock are composed of these h 
but there are very few exposures. The zone however maj 
be seen in a quarry north of Linton, where the zone fosa 
occurs ; and in some pits near Westley Waterless ; 
lastly in a quarr}' a little N.E. of Dullingham Station. 

Paleontology. The following fossils are found i 
this zone in the Cambridge area : — 

MOLLDSCA. 

Inooeramua Brongniarti Sow. 
Lima striata Sow. 
Oetrea venoularU Lam. 
Pecien Beaveri Sow. 
Spondyhis apinoaua Sow. 

Beachiopoda. 

RhynchoTidia CiwieH D'Orb. 
„ plicaliliB Sow. 

„ reedeniia Ether. 

Terebraiula. iemiglvbosa Sow. 

' jUem. Geol. Simi. " treolcgy of London " (1 
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EcHINODERMiTA. 

Cidaru tcsptrifera Mant, 
C'jpkoioma Todialum Sorig. 
Holaster planus Mant. 
Micraster breviporus Ag. 
„ cor-bovie Forbes 1 



PORITERA, 



VenlHcuIices impresswa Smith 
„ mammillarit Smith 



U5 
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{4) THE CHALK ROCK OR ZONE OF HETEROCERAS 
REUSSIANUM. 

G-eneral remarlu. The Chalk Bock forms the top 
of the Middle Chalk, separating it from the Upper Chalk. 
Its outcrop near Wardington Bottom, near Koyston, has 
revealed a remarkable flexure in the beds (see next page)'. 

Characters and thickness. The ChaSk Kock is a 
hard crystalline hed of chalk, frequently of a yellow colour 
and broken into lumps enclosed in a marly matrix. There 
is aometimea a softer layer of marly chalk in the middle 
of the hard crystalline hed, dividing it into two parts ; the 
lower part passes down gradually into the white chalk 
below, but the upper part is sharply defined from the 
Upper Chalk. The total thickness varies from 2 to 14 
feet. Thus, in a chalk pit a mile north of Reed it consists 
of three hard beds of chaik amounting to 14 feet in 
thickness; but near Westley Waterless it is represented 
by a layer of crystalline yellowish chalk only two to three 
feet thick. 

' Mem. Geol. Sum., Eiplan. Sheet 47, pp. 7—11, figs. 1 and 2 ; Mem. 
Oent. Surv., Enplan. Quart. Sheet 51 a.^W., p. fi7. 
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From a study of the mollusca Mr H. Woods conaider 
that the Chalk Rock was laid dowo between the depth^ 
of about 100 and 500 fathoms'. 

Occurrence and exposures. South-east of Royston 
the outcrop of the Chalk Rock describes a curve owing to 
a line of flexure. The pits near Reed, Barkway, Heydon, 
and Barley are situated on this line, and afford good 
sections of the Chalk Rock'. The line of flexure encloses 
the head of Wardington Bottom, and the beds dip 
inwards to the north and north-west at high angles, 
instead of at the usual low angles to the south or south- 
east. The disturbance causing this depression and 
reversal of dip appears to have been quite local, but it is 
interesting from its influence on the surface contours, 
though it was formed prior to the deposition of thi 
Boulder Clay. 

A pit S.S.E. of Great Chesterford gives another ex- 
posure of the Chalk Rock ; and from thence the outcroj 
runs past Abington to Balsham by Conger's Well -anl 
Linnet's Hall to Westley Waterless, where in a pit J mile 
S.W. of the village the Chalk Rock is seen to be composed 
of only two or three feet of much broken-up yellowish 
crystalline chalk. Many fossils have been obtained froi 
this bed in the pits at Underwood Hall, Dullingham, 
near Stetch worth. 

Falsontology. The following fossils' from the Chal 
Rock have been found in this area : — 

1 H. Wooda, Q. J. a. S. vol. Lin. (189?), p. 403. 

^ Mem. Geol. Sum., Eiplan. Sheet 47, pp. 7 and 8, figa. 1 and 2. 

VoodB, Q. J. a. S. Tol. Lii, (1896), p. 68, ib. vol. un, (189W 
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Pisces. 

Lamna app&ndicvlata Ag. 

MOLLUSCA. 

Cephalopoda. 

Ammonites peramplTis Mant. 
Crioceras eUipticum Mant. 
j^eteroeeras reusstammi D'Orb. 
NavJbHus mbl<Bvigat%b8 D'Orb. 
ScapkUes Oeinitzi D'Orb. 

Gasteropoda. 

Avdlana cf. Humholdti MUU. 
Cerithium Saunderd Woods. 
EmargvMda sartctce-catharince Passy 
Noaica viUgaris Eeuss 
Pleurotomaria perspectiva Mant. 
Trochtts Schliiteri Woods, D'Orb. 
Turbo gemmatiis Sow. 

Scaphopoda. 

DerUcUium tiuroniense Woods 

Lamellibranchiata. 

Inoceramus Brongniarti Sow. ? 
lATfia Hoperi Mant. 
Modiola Cottar Eoem. 

„ quadrata Sow. 
Ostrea semipUma Sow. ? 
Spo^ylua spinostLS Sow. 

Bbachiopoda. 

Rkynchondla limhata Schloth. 

„ plicatUis Sow. 

„ reedensis Ether. 

TerebrattUa camea Sow. 

„ semiglobosa Sow. 

10—2 
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Crustacea. 

PoUCeipet sp. 

ECHINODBBMATA. 

CaTdioiter atmnchytii Leake 
Cidaris 8|i. (spine) 
Cyphoaoma radiatum Sorig. 
Eohiaocoryt {Ananchytw) oeatiit Leske 
Hotaiter planni Mant. 
Mianuter hrevipoms Ag, 

„ cor-aTtguinam Leske vsir. 
„ cor-bovis Forbes 
PaiCat^nug AgoMid Von Hug. 

AcTraozoA, 

Pantsmilia ceatralu Want, "i 

POBIFERA. 

Camerosptmgia campanulata Smitli 
„ mibrotwidata Mant. 

CoxAiwpora globidaris D'Orb. 

Vaitriovlitea alcyonoidfs Mont 
„ impressuj Smith 

„ tnammUtarU Smith 

„ radiatm Mant. 



EconomlcB of tbe Middle Chalk. 

The chalk is burnt for lime aod spread on the cla; 
soil to render it more open as well as to furnish con- 
stituents in which it is deficient. It is also used for the 
same purpose unbumt, and its action then is aloWW bnt 
more permanent. \^ 

Agriculturally the ground occupied by the Midd'^ 
Chalk in this area is largely arable. But here and there^ 
as near Royston, the open downs covered with short 
springy turf are still untouched by the plough. 
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UPPER CHALK. 
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General remarks. The Upper Chalk covers only a 
small portion of this district, and its outcrop is much 
obscured by Boulder Clay, Only the lowest zone is 



The change from Middle to Upper Chalk is sharp, and 
the abrupt line of demarcation appears to indicate that a 
new set of conditions came in, perhaps prefaced by a slight 
erosion of the underlying beds. The Upper Chalk sea 
must have been more charged with silica or more popu- 
lated with siliceous organisms, for in it the bands of flint 
nodules and layers of thin tabular flints are very numerous 
and conspicuous, whereas they are altogether absent in 
the Lower Chalk. The origin of these flint nodules in 
regular layers is considered by some geologists' to have 
been brought about contemporaneously with the deposition 
of the calcareous mud, and somewhat in the following 
manner: — Wherever the lowest layers of water became 
supersaturated with silica, the decaying organisms strewn 
on the sea-floor at that period caused a precipita- 
tion of the silica, each organism forming a centre 
of precipitation and attraction. As the calcareous mud 
charged with silica in solution continued to be laid 
down the process went on, and the silica was abstracted 
from the overlying and underlying mud for a definite 
thickness determined by the strength of the force of 
attraction. When that limit of thickness was exceeded 

' Mem. Geol. Surv.. Eiplan. Quart. Sheet 51 S.W., p. 70. 
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by the constant deposition of mud above, the segrega- 
tion of silica round these centres on the now buried sea 
floor would cease ; and the process would begin again at 
the level of the new and higher sea-floor on which organic 
matter wis decaying. Thus a series of layers of flint 
nodules would be formed, each marking successive levels 
of the floor of the chalk sea. 

The tabular fliuts which occur in horizontal layers 
may have been formed in. somewhat the same way, but 
when they 611 fissures, joints and fault-planes are certainly 
in most cases of later origin, and may have arisen by a 
process of lateral secretion after the partial or complete 
consolidation of the chalk. 

There is however a widely-accepted theory that the 
bauds of nodular flints owe their origin to a kind of 
concretionary action operating on the silica disseminated 
through the mass of the chalk subsequent to the formation 
of the latter'. 

The Upper Chalk is about 450 feet thick. 

' For diaoaeeion of the qnestdon aee WoUich, Q. J. G. S., vol. e 
(1880), p. 68. Sollaa, .inn. Mn-j. Nat. Hut. 5th ser. vi. p. 437. 
Proa, dmer, Aiioc, vi>\. sxviii. p. 359. Murray and Irvine, Proc, J 
Soc. Edin. xviii. (1891), p. 229. 
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ZONE OF MICRASTER COR-TESTUDINARIUMK 



Characters. The chalk of this zone is a soft earthy 
litneatone with occasional bands of harder rock, marly 
layers, and seams of flint, either tabular or in nodtiles. 
The beds are almost horizontal. 

Occurrence and exposuree. The outcrop of this 
zone lies immediately above that of the Chalk Rock just 
described, but owing to the great mass of Boulder Clay on 
the edge of the escarpment only a narrow belt is exposed, 
and that in the centre of the eastern part of the area. Near 
Royston, at Tharfleld, Little Chishall, Reed. Barkway and 
Heydon there are pits in which sections are seen. The 
pits at the lime-kilns N.W. of Balsham abound in fossils 
enclosed in flints. Near West Wratting, Westley Water- 
less, and Stetchworth are more pits in which these beds 
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Palseontologfy. The following fossils have been found 
this zone in Cambridgeshire : — 

UOLLUSCA. 

Lajaeilibranchiata. 

Inoceramus Cumeri Bow. ? 
Lima. Hoperi Mant. 
Pinna decussata Goldf. 
Spondylus ipinosua Sow. 

' ThtB zone was termed in the Geological Sarvej Memoir of the 
Cambridge area [Quart. Sheet 51, S.W. pp. t)9, 13S) the Zone of MieroiUr 
eor-hovit becaase the tjpe Bpeoies bud not been veil determined in this 
district. But in the Memoir on the Geology of London (1889) the 
fossil M. cor-tettudinanum which is used to denote this horizon oi 
Continent is adopted by preference. 
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Brachiopoda. 

Rhynchonella pUcatilU Sow. 
TerehrcUula camea Sow. 

„ semiglobosa Sow. 

Terebratidina gracilis Schloth. 
„ striata Wahl. 

ECHINODERMATA. 

Cidaris sceptrifera Mant. 
Cyphosoma radiatum Sorig. 
Echinocorys (Ananchytes) ovatus Leske 
Epiaster gihbus Lam. 
Micraster cor-anguinum Leske? 

„ cor-bovis Forbes 

„ cor-testvdinarium Qoldf. (var. brevis) 

ACTINOZOA. 

Parasmilia centralis Mant. 

PORIPERA. 

Alecto sp. 

Coscinopora globidaris D'Orb 

VentriciUites sp. 




THE PLEISTOCENE DEPOSITS. 



1 



I 



THE PLEISTOCENE DEPOSITS. 



There ie a gap in the geological sequence over this 
area between the Zone of Micraster cor-testudinariwm of 
the Upper Chalk and the Glacial Drift. The uppermost 
beds of the Upper Chalk have all been removed by 
denudation ; and all the Tertiary beds are now absent, 
though some of them may possibly have once spread 
over the district. The late Pliocene beds which usher 
in the Glaeial Period in the adjoining county of Norfolk 
and which are so well seen on the coast are completely 
wanting; and even the earlier glacial deposits are not 
represented, save possibly by some unimportant local 
patches of gravel at or near the base of the Boulder 
Clay. 

The Pleistocene deposits may be conveniently treated 
under the following four heads : — 

(1) The Glafiial Drift including the Boulder Clay and 
the High Level Gravels. 

(2) The River Gravels. 

(3) The Fenland deposits. 

(4) Recent Alluvium, warp and trail, etc, 



I 



THE PLEISTOCENE DEPOSITS. 



THE GLACIAL DRIFT. 

THE BOULDER CLAY. 

Characters and thickness. In this area the Boulder 
Clay, which belongs to the Great Chalky Boulder Clay of 
East Anglia, consists mainly of a dark grey or bluish clay 
weathering to a drab or brownish colour to the depth of 
several feet. Locally its colour and contents vary according 
to the rocks on which it rests or which occur in the vicinity. 
Thus where it rests on the Chalk it consists mainly of 
ground-up chalk, and the matrix is therefore very calca- 
reous ; but where it lies on the Gault or other clays it a 
composed of much worked-up argillaceous material and iS; 
frequently scarcely distinguishable at first sight from the ■ 
parent bed. The Boulder Clay however hardly ever shows 
any stratification. 

Fragments of hard chalk are usually very abundant, 
and may be found in it almost everywhere after 
little search; they are more or less rounded or sul>- 
angular in shape and often show flattened and striated 
surfaces ; they range in size from a mere grain up to a 
large pebble. Occasionally there are included masses t 
Chalk of much greater size, and at Ely an enormous block 
of Chalk and other Cretaceous strata lies imbedded in the 
Boulder Clay which occupies a small valley scooped out. 
of Kimeridge Clay (see p. 176). 

In addition to these lumps and masses of Chalk, bouldersi 
of other rocks foreign to the area frequently occur, and are 
J promiscuously through the Clay. Amongst these 
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boulders there are recognised Ijlocks of Carboniferous sand- 
stone, Mountain Limestone, Oolitic limestones. Red Chalk 
(probably from Hunstanton or the Yorkshire coast), phos- 
phatic nodules from the Cambridge Greensand, carstone. 
Chalk flints, slates, homstones, and metamorphic and 
igneous rocks, such as gneiss, mica-schist, quartzite, por- 
phyrite, basalt, granite, diorite, etc. These blocks are of 
various sizes ; two found at Long Stanton measured 
3 X 3 X 2 ft. They sometimes show the smoothed, polished, 
or grooved faces characteristic of glaciated rocks. Many 
are smooth, well-rolled pebbles, resembling beach-shingle. 
Fossils derived from the Lias, Oxford Clay, Kimeridge 
day, Cambridge Greensand, Chalk, etc. are not uncommon. 

Interbedded lenticular patches of gi'avel, sand, or loam 
do not often occur in the Boulder Clay of our area. There 
is one instance in the railway -cut ting west of Newnham 
Hall between Ashdon and Bartlow where a bed of loam is 
found intercalated in the clay ; and again near the top of 
Banington Hill near Linton where a thin bed of laminated 
loam similarly occurs. 

In the neighbourhood of Linton small deposits of 
gravel or sand are found separating the Clay from the 
Chalk, but they are rare and only local. The base of the 
Clay is usually sharply defined from the subjacent rock, 
except where that is also clay and has been much worked 
up. The chalk-floor beneath the Clay does not show any 
striated or polished surface owing to its soft nature and 
the removal of the original surface by subterranean denu- 
dation. The basement layer of the Clay is sometimes of a 
sandy nature, but where the Clay rests on the Chalk there 
ia sometimes a thin band of hard calcareous rock. It 
has been suggested' that this hard band is due to the 
' ilem. Geol. Sun: Expliin. Sheet 47, p. GO. 
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carbonated water, which after percolating through thelj 
Chalk, threw down its excess of bicarbonate of Hme v 
ita free passage sideways or upwards was arrested by the I 
impervious layer of Boulder Clay. This explanation i 
probably correct, for the hardened baud is mostly present I 
where the Clay occupies an old hollow in the surface of I 
the Chalk. The band may be seen in a chalk-pit, 1 mile 
south of Bartiow Station, and in the railway cutting west ' 
of Dullingham Station. 

The thickness of the Boulder Clay necessarily varieVj 
much, for it has not only auifered much denudation sinctt 
ita formation but it was originally deposited on an uneveil' 
surface, so that where it filled up old hollows or troughs 
ia of considerable thickness, as at Iinpington, where it baa- 
recently been proved to be 60 ft. thick\ Unequal earth* 
movements of a later date have probably operated t6 
depress these troughs below the sea level. On the hiU 
topa and level ground the Boulder Clay is much lesS 
thick, partly owing to erosion, but minor variations : 
its original thickness possibly always existed even t 
comparatively level surfaces owing to irregularity of de- 
position or accumulation. 

The amount of glacial deposits over this area musfe 
have been enormous. Prof B on ney' states that "at Old 
North Road Station on the Cambridge and Bedford Bail-^ 
way as shewn in the cutting and well it [the Boulder Clay] 
was 160 ft." thick. Near Caxton and Longstowe it i 
proved by wells to be from 160 — ISO ft,; while in the 
village of Caxton half a mile to the north of the i 

' In the upper part of the vallej of the Cam in Bsaei the bottonv 
the Drift in one place was not reached at a depth of 340 ft. 
140 ft. below sea.lerel. 

imb. Geo!, p. 49, 
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^^^..iug it is only 14 feet'. At other places it has 
diminished to 2 or 3 ft. in thickness. Thus it appears 
that on the pre-glacial surface of the country there existed 
numerous deep channels and troughs of which no trace is 
now seen at the surface, and the presence of which is only 
detected by borings or deep cuttings. 

Occurrence. The Great Chalky Boulder Clay covers 
an area of 3000 square miles and reaches an altitude of 
500 feet above sea-level. It stretches from the East coast 
westwards to Abbots Bromley in Staffordshire. In the 
Trent valley it is underlaid by beds of gravel, sand, and 
loam which in places are interstratified with the lowest 
portion of the Clay and sometimes contain fragments of 
marine shells. West of the Trent basin the Chalky 
Boulder Clay dies out and we meet with a new Boulder 
Clay composed of rock detritus and boulders from the 
north-west, which according to J. Geikie', was the ground- 
moraine of a lobe of the great Irish Sea glacier with 
feeders from the Lake District, Wales, and the Pennine 
Chain'. 

Of the Cambridgeshire area the Boulder Clay covers 

1 Seeley, Q. J. G. S. voL iiii. (1866) p. 171. 

» J. Geikje. The Great Ice Age, 3rd Ed, pp. 374—375. 

> Some geologiatB (see Oeol. Mag. Dec. iv. vol. iii. lS9ti, p. 449 and 
references) contend that there is in realit; only one Bonlder Cla; in 
EaBtem England and that the various claya which have ceoeived different 
uamea and e,re eopposed to be of different ages are merely its local de-^e- 
lopmenta. Thus the; bold that the Clialky Boulder Clay graduatea hori- 
Eontaliy into the Stony Loam or Lower Boulder Clay of Norfolk and into 
the Purple Clays of Lincolnshire and Yorkfihire. The separation of the 
eevera! claya and their order of superposition ia a matter of conaiderable 
difScnlty, but the majority of geologists intimately acquainted with the 
drift deposits of Eaatern England maintain that these clays are not to be 
regarded as conlemporaneoue or local varieties of one eiteneive sheet. 
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all the western side, capping tbe high ground on the 
north of the Rhee valley and spreading in a sheet over 
the upland region between the valleys of the Ouse and 
Cam. It sends a long nan-ow promontory eastwards to 
Haslingfield ; and further north another much larger and 
broader mass projects in the same direction with aa 
irregular boundary running roughly from Kingston to 
Coton and Madingley, thence in a north-westerly 
direction to Dry Drayton and Lol worth, and after 
throwing out a long cape towards Conington passing 
through Elaworth and Papworth into Huntingdonshire. 
North of St Ives the Boulder Clay cape all the high 
ground and extends down to the margin of the fens. 

In the Fenland itself there are several ' islands ' mora 
or less composed of Boulder Clay and rising above the 
general level of the plain. There is the large connected 
group of patches between Sutton, Wentworth, Ely, and 
Chettisham, where the Boulder Clay caps the low ridges 
and hills of Lower Greensand, Gault, and Kimeridge Clay,, 
At Ely its base is about 60 feet above ordnance datum. 
Further north there are many islands, such as thoser 
of Manea, Pye Moor, Stonea, Butchers' Hill, Littleport, 
and March, which consist almost exclusively of Boulder 
Clay. It is possible that "all these island masses may 
be connected underground and form one long channeL" 
In the eastern part of our area we only meet with 
the western fringe of the great East Anglian sheet of 
Boulder Clay. This sheet lies on the top of the Chalk 
escarpment with a very irregular boundary and extends 
thence south-eastwards to cover large parts of Essex 
aud Herts. The general trend of the boundary is from 
Tharfield eastwards to Saffron Walden, thence north- 
wards past Great and Little Chesterford to Linton, aud 
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on the further side of the Ldn Valley north-eastwards, 
paat Balsham, West Wratting, Duilingham, and Cheveley 
into Suffolk. 

Contour of surface on vrhlch the Boulder Clay 

rests. A review of the various heights at which the 
Boulder Clay rests on the underlying formations reveals 
the fact that the Cambridge valley was excavated in 
preglacial times'. 

At Tharfield in the south the base of the Boulder 
Clay lying on the summit of the escarpment is 530 feet 
above the sea. A gradual and fairly I'egular downward 
slope to the north-east following the line of the Chalk 
eacai'pment is found to exist, for the Boulder Clay lies at a 
level of about 350 feet at Balsham and at 240 feet at 
Duilingham. The gradient ia in this direction about 
10 feet in a mile, but in a transverse direction at right- 
angles to the trend of the escarpment the base of the 
Clay descends much more rapidly, and by connecting 
together the various points on which Boulder Clay 
rests along a transverse line drawn through Tharfield, 
Cambridge, Long Stanton and the high ground north of 
St. Ives this fact is conspicuously brought out. The line 
connecting these points is seen to be a uniclinal curve, and 
this must correspond with the old surface on which the 
Boulder Clay was laid down'. The steepest slope of this 
aurface (1 in 57) is found to lie somewhat in front of the 
present escarpment, while beyond this point the slope 
rapidly decreases to 1 in 264, and then 1 in 330, but 
finally becomes 1 in 300. Beyond Long Stanton and 

' Men, Oeot, Sum. Eiplan. Quart. Sheet 51 S,W. p. 75. Penning, 
Q. J. a.S. 3uai. (1876) p. 190. 

> Mem. Geul S-um. Explan. Quart. Sheet 51 S.W. pp. 75—79. 
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towards Bluiitishatn the base of the clay rises with a 
gradient of about 1 in 88. (Fig. 10.) 

Thus we see that the Ca-iiibridge valley must have 
existed very much in its present form before the Boulder 
Clay was deposited in it. The upper part of the Cam 
valley has also been described as pre-glaciaP, and recently 
Mr Whitaker' has brought forward evidence pointing to 
the existence of a deep pre-glacial channel in the Chalk 
extending past Audiey End and Saffron Walden to 
Quendon, in which the Boulder Clay attains a thickness 
of 218 feet. There is also evidence that some of the 
tributary valleys are pre-glacial. Thus the present valley 
of the Lin (or Euum) between Linton and Eabraham 
nearly occupies the line of a valley partially filled with 
Boulder Clay. This is indicated by the base of the Clay 
being 350 feet above sea-level at Balaham, 300 feet at 
Barrington Hill, and 120 feet at Abington, while to the 
south it rises again to 400 feet. Near Cbestcrford there 
is similar evidence of an old valley. 

Mode of formation of the Chalky Boulder Clay. 

Any theory which would explain the origin and 
method of formation of this deposit must account for 
the following facts : — 

(1) its distribution and relation to the present contour 
of the country, capping the high ground, descending into 
the valleys, filling up old river-coursea, and spreading out 
over the plains. 

(2) its composition, viz. its dependence for its Ktho- 
logieal characters and contents on the underlying rock ; 
its local variation arising from this cause ; the presence 

' Mem. Geol. Surv. Explan. She^t 47, pp. 30—38. t. 13. 
* Q. J. O. S. vol. XLVi. (1890), p. 333. 
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of an immense quantity of fragments of Chalk of t 
aizea, from mere dust up to boulders many feet in length 
the angular or subangular shape of these fragments witil 
their occasionally acratched, facetted, flattened and acora 
surfaces ; the presence of other boulders and pebbles ( 
non-local or foreign origin : the presence of well-rolIe< 
pebbles resembling beach ahingle. 

(3) the passage of material derived from imderlyinj 
rocks in the north-east over the outcrop of other und«r 
lying rocks to the south-west, as is shown by the overlap 
of the detritus from the Chalk on to the Kimeridge Clayv 

The question of the formation of this Clay should i 
be considered with reference to the Cambridgeshire distric 
only,butaftera general review of the behaviour and charao 
ters of the deposit over the whole area of its extension, 
facts, however, of local importance must be borne in mind 
firstly, that the so-called Lower Glacial beds of the countia 
to the east are wanting in our Cambridgeshire area ; 
secondly, that there is likewise an almost complete abseno 
of the so-called Middle Glacial beds which are so w^ 
developed in the adjoining country to the south and eas 
of the Chalk range of hills against which they thin out oi 
extend only into a few of the deeper transverse valleys, a 
possibly at Cheaterford and Bartlow. 

The existence of the Cambridge valley and of aonu 
of its tributary valleys before the accumulation of thi 
Chalky Boulder Clay reste on the very strong evidenci 
given above, so that we must bear in mind that thi 
general relief of the country cannot have been vei^ 
different to that which we find to-day, though this dot 
not necessarily preclude the idea that as a whole it stoo 
at a lower or higher level. 

The chief theories put forward to account for th( 
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origin and distribution of the Chalky Boulder Clay fall 
into two groups, (i) the glacial, and (ii) the non-glacial. In 
the first group there are four theories: — (1) the ice-foot 
theory ; (2) the ice-berg theory; (3) the extra-'inorainic lake 
theory ; {V) the lartd-ice or ice-sheet theory. In the second 
group there is only one of imporiiance and it may be called 
the diluvial theory. 

AH these theories call in earth -movements of greater 
or less magnitude and intensity. But while some require 
elevation of the land, others demand submergence, as will 
be pointed out. 

It must be confessed that none of the theories are 
completely satisfactory or account for all the peculiarities 
of the deposit. 

The ice-foot theory'' is put prominently forward in the 
Geological Survey Memoir {Quart. Sheet 51, S.W.) of this dis- 
trict, and in works by Mr Jukes Browne. According to this 
theoiy the subsidence of the country which began in mid- 
glacial times was not sufficient to allow the sea to pass 
over the top of the Chalk escarpment to flood the Cam- 
bridge valley during the accumulation of the Middle Glacial 
sands and gravels, so that they were only piled up on the 
eastern or seaward side of the Chalk slope', while the 
supposed continuation of the Chalk ridge across the Wash 
during this period is believed to have prevented the 
deposits drifting into the mouth of the Cambridge valley. 
Into a few, however, of the deeper inlets (e.g. Chesterford 
and Bartlow) of the sinking coast-line the gravels may 
have been carried. 

' A. Jukea Browne, Building of the Brituh Inies (1888), p. 287 ec seq. 
Hajidbook of HUttrrical. Qeoiogy (1886), p. 664. 

' Q. J. O. S. vol. xiim. (1876), p. 191 ; vol. xli. (Ifi8.5), p. 130. Mem. 
L Svrv. .Eijjtan. Quart. SJieet fll, S.W. p. 11.5. 

U— 1, 
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On the return of glacial conditioiis which occurred 
during the progress of the subsidence an "ice-foot" 
formed all round the shore, such as travellers have de- 
Bcribed in the Arctic regions, where the first frost of the 
late summer covers the surface of the sea with a crust 
of ice which is carried upward by the rising tide and 
becomes glued to the rocks or cliff-face, thus growing in 
thickness with each successive tide. On a shelving and 
sinking shore covered with a thick layer of rotten surface- 
rock the ice-foot tears up great frozen masses of stones, 
soil, and solid rock which grate and grind over the slope, 
or, imbedded in the ice, are floated away with the berg 
the ice melts or gets broken up. This detritus is ulti- 
mately deposited on the sea-floor. The sediment carried by 
marine currents or washed down into the sea by land 
streams becomes mixed with this ice-borne material aiti 
forms irregular stratified patches of loam, gravel, or sand. 

Landslips and avalanches from the cliffs materially 
help in the rapid and tumultuous accumulation of 
materials in the sea in Arctic regions, and the floe-ice and 
ice-bergs which are driven on the shore by cun-ents and 
storms ground in the shaliuws or on sunken ridges, tearing' 
up and pulverising the solid rock, as well as depositing 
their fer-travelled burdens of debris. Any pre-existing 
beds of soft uncouHolidated material would be worked up 
and incorporated into the freshly formed glacial deposits, 
except where they lay in protected positions or at con- 
siderable depths. 

It is pointed out that the gradual submergence of tha 
whole land-area would cause the various formations whicl 
successively formed the shore-line to be subjected to thi( 
destructive action of the ice-foot and to the grounding 
of the ice-floes. It is also thought that the sea over this 
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submerged part of England was to some extent shut in 
to the south, so that there existed a sort of huge bay 
into which the ice-floes and bergs would be driven and 
packed together, and by thafc means the intensity of their 
grinding action be increased. 

It is to such conditions and processes that some 
geologists would ascribe the formation of our Chalky 
Boulder Clay. The usual objections urged are : (1) there 
is no definite evidence of marine conditions; (2) it has 
never been indisputably shown that the coast-ice of the 
Arctic regions tends to form such an extensive deposit ; 
(3) the distribution of the Clay is not what we should 
expect if we bear in mind the configuration of the ground 
on which the materials were laid down ; (4) the resemblance 
of the Clay to deposits elsewhere which are generally 
held to have been made by extensive glacier-ice would 
primd facie incline us to ascribe its origin to some similar 
process as that by which they were formed'. 

The second theory is that which calls in the agency of 
ice-bergs floating over a depressed area and dropping their 
burdens on the sea-floor. In the first place this theory 
necessitates a submergence of the land to an extent 
greater than the height (500^ — 600 ft.) of any of the 
hills which the Clay caps, unless we imagine differential 
depression. It is supposed that in the sea which spread 
by this submergence over Eastern England there floated 
huge masses of ice laden with d^ris which was deposited 
on the sea-floor as the bergs melted or grounded in the 
fihallows. As these bergs drifted along they caught on 
the ridges and sunken reefe, tearing off great masses of 

' 8. V. Wood and F. W. Harmar. Q. J. O. S. vol. ixim. (1877), 
■pp. 115—119 aDd vol, sxiyiu. (18B2), p. 667. J. Qeikie, Great let 
Age, 3rd ed. 1894, pp. 342—352, 
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the harder solid rocks and ploughing up the softer beds. 
This local material was pounded and churned up beneath 
the water by the collision and stranding of the berga, 
and when the ice-floes melted and glacial conditions 
passed away it was mixed with the debris either imbedded 
in or resting on the ice. 

There are many serious objections to this theory. (1) 
The material brought by ice-bergs comes from distant 
gathering grounds and therefore the clay formed by such 
agents should show mainly foreign and non-local cha- 
racters, which is exactly the reverse of what we find in 
the Chalky Boulder Clay ; (2) the almost continuous 
sheet of clay over hill and valley is quite unlike the local 
heaps of detritus which ice-berga would throw down as they 
melted or toppled over on grounding; (3) the relation of, 
the composition of the Boulder Clay to the underlying- 
rocks is almost impossible to explain on this ice-berg 
hypothesis; (4) the almost complete absence of remains 
of marine organisms over large areas is another but not ■ 
so serious a difficulty. The sea must have been feirly 
open, for if it had been permanently ice-bound, a sufficient 
number of ice-floes laden with detritus could not have 
drifted in a constant stream or in successive batches to 
have given rise to such a thick and widespread deposit [ 
as this Boulder Clay. (5) The want of stratification in 
the deposit is hard to explain, as there must have been 
some kind of sorting of the materials, at any rate by 
gravity, as they sank to the bottom' ; (6) the invasion of 
the outcrop of one rock by the detritus of the adjacent 

' Col. H. W. Peilden, {Q. J. G. S. vol. mi. (1806), p. 52) who holds that 
the Sonldei Clays of Kolgaer Island are of glacio-marine origin, states 
tbcit the; show no definite etratification ; and he compares them to oar 
Chatlc; Boulder Clay. 
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rook in regular order and succession fi-om north-eaat to 
Houth-west is another feature difficult to account for satis- 
factorily on this hypothesis; (7) the contiguration of the 
country would have kept out the largest bergs from the 
area where the Clay is now thickest, and would thus have 
cut off part of the supply of material. 

The only important point which this theory explains 
satisfactorily is the miscellaneous assortment of foreign or 
non-local boulders which we find mixed with the local 
materials. Ice-bergs are borne along principally by marine 
currents, and a small berg of small draught may be drift- 
ing in the surface-current in one direction while a giant 
berg with deep draught may float along in an opposite 
direction under the influence of a more powerful under- 
current. Thus the rock-fragments which they bring along 
and ultimately deposit in the same spot may come from 
most diverse localities. But the transportation and inter- 
mixture of the foreign erratics can also be explained by 
the land-ice theory in nearly ae satiafactoiy a way (see 



The extra-morainic-lake theory was put forward by 
Prof. Carvill Lewis'. He held that a great lake existed 
in front of the huge ice-sheet which covered the north and 
north-west of England and which was confluent with the 
still larger ice-sheet of the North Sea. This ice-sheet, 
:100 ft. thick at its edge, dammed back all the rivers flowing 
out to sea and caused the formation of a huge inland 
freshwater lake — an " extra-morainic lake" — extending 
from York to Harwich. Numerous rivers flowed into it 
on the south and west, and ice-beigs detached from the 
edge of the ice-sheet floated across its surface and dropped 
their heavy loads of debris on its floor. Vast quantities 

1 The Glacial Geology of Great Britain, etc. p. aa et s 
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of mud were contributed by the subglacial rivers and by 
the glaciers themselves. The ice ag it formed round the 
shores of the Lincoinshire Wolds which stood up aa 
islands above the water carried out great cakea of Chalk 
and dejMsited them in the lake, England, according to 
Pro£ Lewis, then stood 100 ft. lower than it does to-day, 
80 that with the ice 300 ft. thick at the edge the lake 
must have reached a depth of nearly 400 ft. When it 
had attained almost this depth it may have burst its 
hounds, whereupon the waters would have rushed as 
a genuine d^bdcle over the country to the south-west, 
carrying enormous quantities of gravel and sand over the 
land. As the ice melted and retreated northwards and 
the level of the lake gradually sank, 'the deepest and 
densest mud would be deposited nearest the glacier in tl» 
deepest portion of the lake ; the deposits on the other hai 
at the inland borders of the lake would be thin and stony^ 
and at the entrance of the rivers would be replaced hj, 
fluviatile sands and gravels,' 

The chief objections to this theory are (1) that it &tl| 
to explain the peculiar local characters and distributioBl 
of the Chalky Boulder Clay ; (2) that great warpings c 
the earth's crust and elevation of local ridgea have to h 
assumed in order to provide dams to retain the watein 
of this lake at the requisite height; and (3) that thesfl 
supposed lacustrine and subaqueous glacial deposits shoif 
no strong peculiar features by which they can be < 
tinguished irom those which are held by the same auth<H 
to have been formed by land-ice. 

Mr Searlea Wood' held a modification of this theory 
combined with that of the land-ice, for he maintained 
that this Clay was extruded from the foot of an ice-shed 
' Q. J. a. S. vol. ixvi. (1^70), p. 100, 
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and deposited under water. The general 
stratification in the drift is however against every theory 
of a subaqueous origin, particularly in the light of 
Mr M. J. C, Russell's' recent investigations on the 
raorainic materials deposited in the sea at the foot of 
rhe Malaspina Glacier in Alaska. 

We now come to the theory which is most widely 
accepted — the theory of land-ice. Though it fails to offer 
ii completely satisfactory explanation of all points, yet it 
presents perhaps fewer difficulties than any of the fore- 
going. The evidence of the action of land-ice as glaciers 
or ice-sheets over the northern and western parts of Great 
Britain, the Continent, and North America is very strong, 
and owing to the many points of similarity in character 
and mode of occurrence it seems impossible to escape the 
conclusion that we have here also to deal with a deposit 
formed by the same agents*. 

The great glaciers which descended from the mountains 
of the Lake District and rode across Yorkshire were 
joined by prolongations of the Scotch glaciers, and this 
whole mass of British ice being crushed against the 
Yorkshire coast, south of Bridlington, by the pressure of 
the more powerful Scandinavian ice -sheet was forced 
to take a south-westerly course. This ice, together with 
the front of the ScandinaviaJi sheet, flowed over the 
whole of East Anglia with a great ground- moraine beneath 
it, composed principally of the rocks on which it rested, 

1 13th Am. Rep. U. .S. Geot. Surv. (1891—1892), pt. ii. G. F. Wright 
and Warren Upbam, Greenland leejieldi (London 1896), cbap. xi. 

' For a auminai? of the queBtion see Dr Wrighl'a Man and tlie 
Glacial Period (Intemat. Scienlif. SeT.)., p. 168 et seq., and for 
an eioellent eriticUm of the theories see Prof. Bonney's Ice-Work 
{Inlemat. Seientif. Serieg), 1896, p. 163, Also J. Geikie, Tlie Great Ice- 
Age, 3rd ed. 1894, chapter xiv. 
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for the long exposure of the land surface of this region to 
atmospheric weathering in late Tertiary times had pre- 
pared a thick layer of rotten rock and subsoil. Moreover 
each outcrop of solid rock supplied materials not only to 
the moraine which rested directly upon it but also to that 
on the next outcrops to the south-west, the detritus being 
pushed along in that direction. The loose and udcod- 
Holidated deposits of Tertiary age, which formerly had a 
much wider extension, must also have furnished many of 
the rounded beach-pebbles of the Clay. 

Since the main movement of the ice-fi?ont was against 
the drainage of the country there must frequently have 
been extra-morainic lakes formed, over which icebergs 
floated, dropping their loads in iixegular patches. In 
these lakes deposits of sEind and loam accumulated in 
stratified beds. Local floods, due to the bursting and I 
overflow of these temporary lakes when they i-ose above ' 
the level of their shores or burst their bai-riers, caused 
irregularities of deposition and distribution and even local 
erosion, and led occasionally to the intercalation of more 
or less stratified beds in the midst of the ground -moraina i 

The ice carried on ita surface or imbedded in it* I 
mass boulders of far-travelled rocks which it had picked'! 
up in its long journey from the north or east, and ( 
these were incorporated with the local materials. Bat I 
their transportation was in many cases a very com^ 
plicated process, and possibly ice-bergs in early gla 
times helped to scatter them over the sea-floor, to 1 
subsequently picked up or pushed along by the advancinj 
glaciers. Some may have been derived from the Cai 
bridge Greensand, in which foreign boulders are foui 
(see p. 103). The solid rock here and there, owing t 
some local configuration of the ground, or to currents in 
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the ice, or to other causes, appears to have been not only 
denuded of its loose superficial deposits by the scour 
of the ice but also pounded up into fragments ; and in 
some cases huge blocks of strata seem to have been 
sheared off and carried along some distance from their 
home before being dropped in the soft clay. Examples 
are numerous in the Contorted Drift of Cromer, into 
which the Chalky Boulder Clay appears to pass laterally'. 

The absence of Middle Glacial beds over Cambridge- 
shire and their presence on the south-eastern side of the 
Chalk bills is explained by Messrs Wood and Harmer' by 
the supposition that during the period of their accumu- 
lation the land-ice rested over the Cambridgeshire area, 
and the streams which issued from the base of the ice 
washed out and distributed the gravels over the sea-floor, 
so that they are now found far beyond the limits of the 
Upper Glacial (the Chalky Boulder Clay) in S.E. Suffolk 
and northern Norfolk. 

When the !and-ice began to retreat northwards from 
this region the ground -moraine was left behind as a 
continuous sheet of clay, while the streams issuing from 
the fi'ont of the retreating glaciers must have been 
powerful agents of denudation. 

The occasional preservation of gravel beds below 
the Boulder Clay, such as those at Chesterford and 
Bartlow, may perhaps testify to their former wider 
extension and to the early destructive powers of the ice- 
sheet. Or we may regard them as representing the 
deposits of small local extra-morainic lakes which existed 
before the Boulder Clay was formed. 

' Jfem. QfOl. Sum., Oeol. of Cromer, p. Ill et teij. 
» Q. J. 0. S. vol. iimn. (1877), pp. 115—119. and vol. xxxni. (1882), 
p. 667. 
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Mr Searles Wood has been inclined to invoke the 
action of a local glacier or group of local glaciers rather 
than the Scandinavian ice. But it is difficult to aee how 
a glacier of sufficient size could have gathered on the 
low hille of eastern England, and also how we are to 
account for the presence of the foreign and noa-local 
erratics. 

One of the chief difficulties adduced against the 
acceptance of the land-ice theory is the great elevation at 
which much of the Boulder Clay rests. In order that it 
might l)e possible for the edge of the Scandinavian ice- 
sheet to mount the slopes of the Chalk escarpment, the 
" head " of ice and the pressure from behind must have 
been enormous. The presence, moreover, of the great 
channel 400 fathoms deep off the Norwegian coast seems 
to offer an impassable obstacle to the passage of the ice- 
sheet in a westerly direction. Some glacialists get 'over 
this difficulty by declaring that the ice could andj did 
cross it; others assert that the channel was not fo.tmed 
till post-glacial times ; but this is a highly improliable 
assumption. 

The above-mentioned difficulty of the height oi 
Boulder Clay above sea-level (i.e. 530 feet at Tharfield, 
feet in Suffolk, and about 175 feet close to London) is a vJtery 
serious one, for the source of the ice was some 200 — 3U 
miles distant, and for it to have ignored the configuration 
of the ground so close to its margin seems almost in- 
credible. But there is a possibility that East Anglia 
stood at a lower level with reference to the North Sea at 
that time, and the submergence of eastern England as a 
whole at this period may have been sufficient to prevent 
the then existing hills being any obstacle to the onward 
course of the ice. On this hypothesis the re-elevatioi 
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of the district seems to have accompanied or immediately 
followed the departure of the ice. 

Another difficulty ia the mixture of rocka from all 
parts of England and the presence of the foreign and 
non-local boulders in the clay. Some of these were 
probably derived from eailier beds existing over the 
area which the ice ti'aversed and from the surface of 
which it ploughed up and scoured off most of the loose or 
weathered materials. The intercrossing of erratics' and 
their upward or downward movements in the ice' are 
explained by the existence of currents in the ice itself, 
and we may thus account for, at any rate to some extent, 
the strange intermixture of rocks. 

In many places in East Anglia the strata under- 
lying the Chalky Boulder Clay arc much disturbed 
and contorted, and this is brought forward as evidence 
of the passage over them of a heavy mass of ice. The 
cruraplings in the Chalk are pointed out as the direct 
results of the pressure of the ice. 

There has always been much dispute about the 
conditions of formation or even existence of a ground- 
moraine comparable in thickness and character to our 
Boulder Clay. If we admit at all the existence of 
a ground- moraine capable of giving rise to such a 
deposit, we may reasonably imagine it would be spread 
over the comparatively level country where the ice 
bad lost much of its abrading power in consequence 
of the lower gradient'. Recent investigations of Arctic 
i-sheeta do not contradict this view, but they also 

' Prof. James Oeikle, Fragmenta of Earth Lore, p. 191. 
« BollaB, Q. J. a. 8. Yol. u. (1995), p. 361, Prof. Bouney, Ice Work, 
f p. 184. 

' Bee S. T. Wood, Q. J. G. S. vol. -txim. (1877). p. 115. 
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emphasise tfae importance of the "eDglacial" materiallJ 
(i.e. the material imbedded in the general mass ( 
the ice) and uasert that it equals or even exceeds t 
amount of sub-glacial debris. On the melting i 
retreat of the ice-sheet this included material woul 
contribute largely to the morainic material left behind^* 
and may account for many of the far-travelled boulders. 
By the retreat of the glaciers in Alaska and Greenland 
a sheet of material comparable to the Boulder Clay is 
left spread over the ground*. 

The last theory to be mentioned is that which may 
be called the diluvial theory. It has been recently 
strongly and ably advocated by Sir Henry Howorth' 
as alone furnishing a satisfactory explanation of the 
formation of the Chalky Boulder Clay. According tM 
this writer the Clay is the result of great floods combinefl 
with sudden and violent earth movements. "The d^| 
nudation of the Fen Country which produced the grei^| 
mass of the Chalky Clay with most of its boulders v/a^ 
coincident with and caused by the bending and foldirdl 
of the Chalk of eastern England which took place aft^V 
the deposition of the Crag beds, and during the period.! 
of folding a great depression was formed around thn 
Wash into which the water rushed from the nort^f 
carrying d^ris and mixing it with clay; this rushii^H 
into what was virtually a cul-de-sac dispersed ai^H 
scattered its load in ali tiirections." ^M 

' Warren Upham, Americart GeolngUt, vol. sri. 1693, p. 36. ^M 

" See J. EuBseU, 13th Ann. Rep. U. S. Geol. Sun: loc. eit. and Wriijfl 

anil Upham'B GreenUmd Icefield). ^H 

^ The Glacial mghtmaTe and the Flood {lB9S],chapteiR^'ni. andiTT^I 

Q. J. G. S. Tol. Li. (1895), p. 604, Geol Slag. Deo. iv. Vol. lu. (189(M 

pp. 58, 208, 440, and 653 ; ibid. vol. iv. (1S9T), pp. 123, 163, and 213. H 
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The " violent disintegration and dislocation " of the 
Chalk was "rapid and cataclysmic" and was "the result 
of some great strain suddenly applied." The evidence 
offered in favour of this is the abundance of shattered 
chalk fragments in the Clay, a,nd the occurrence of local 
disturbances and crumplings of the beds of Chalk in the 
area and as far to the east as Denmark. The huge 
isolated masses of Chalk etc. now widely separated from 
the parent rock and often imbedded in the Ciay are 
considered by Sir H. Howorth to indicate dislocation of 
once continuous beds and not transport by ice. 

This diluvial theory finds few supporters at the 
present time. Apart from the disinclination of modern 
geologists to invoke catastrophic action to account for 
widespread deposits (though Professor Prestwich' did so 
recently to explain the origin of the "Head" of the 
South of England and of similar deposits elsewhere), 
there are definite grave objections brought forward against 
it. It is urged that it fails to explain the relation 
of the contents of the Clay to the underlying rocks; 
the presence of the foreign boulders; the similarity 
of the deposit in many ways to undoubted glacial 
deposits elsewhere ; the action of floods spreading 
the material over hill and vale with such remarkable 
independence of the configuration of the ground ; the 
extremely local character of the "violent" earth move- 
ments postulated ; the source of the water to cause the 
flood and the place where the currents originated ; and 
the absence of sorting in the materials, since currents 
"iciently powerful to have swept down enormous boulders 
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Q. J. a. S. Vol. xLvm. (1892), p. 363. Proe. Vietfyria Inititute, 
vol, ixvn. (1893), p. 263. 
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would have carried the fine gravel and sand to much 
greater distances. There is also the physical improbability 
or even impoaaibility' of such rapid earth movementa as 
those postulated. Sir H. Howorth's acute criticisms of 
other theories are however deserving of careful considera- 
tion, for there are many unsolved problems and perplexing 
questions with which we have to reckon whatever theory 
we adopt. The land-ice tbeory under various forms finds 
the largest measure of support amongst modern geologists'. 



Roalyn Pit, Ely. 

The extraordinary and anomalous position of theJ 
strata in this pit was formerly explained by a coiupl^^ 
set of faults', but Prof. Bonney*, follomng up the idd 
first put forward by the Rev. 0. Fisher", completed 
showed that the fault theory was untenable, and that « 
must regard the mass of Cretaceous beds as a hugl 
boulder transported by ice and dropped in a valley i 
Boulder Clay. This view has been generally adopted^! 



' Warren Upham, " Britiah Drift Theories," American Geologuf 
vol. im. (1894J, p. 276. 

' Bee J. Geikie's Great Ice Age, Srd ed. 1834. Dr Wright's 
atid the aiaciai Period, 1892. H. B. Woodward's Geology of England at 
Walei, etc. 

' Sedgwick, Eep. Brit. Aseoc. 1845, p. 42. Seeley, Geol. Mag. yi 
1364, p. 160; Tol. u, 1865, pp. 262, 529 ; vol v. 1868, p. 347. 

< Bonoej, Camb, Geol. Appendix it. p. 69. Geo;. Mag. vol. ra. 1 
p. 403. 

' FiBher, Proc. Caiab. Fhilosoph. Son. 1867, vol. ii. pt. v. p. 51. ( 
Mag. vol. v. 1868, 407. 

' Skertchlj, Geol. of Fenlaad Slem. Geol. Sum. p. 336. Whitai 
and others, Mem. Geol. Sutv. Explun. Quart. Sheet 51, N.E. 1891, p. C 
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For details of the refutation of the fault theory Prof. 
Bonney's account may be coiiaulted. He showed that 
after allowing eveTy circumstance favourable to simplicity 
there would be requisite two reversed faults with an 
ordinary downthrow fault outside each— a phenomenon of 
an unprecedented and most improbable nature in this 
district. The clay-pits, known collectively as Roslyn Hill 
Pit, or Roslyn or Roswell Hole, are situated about a mile 
E.N,E. of Ely Cathedral by the aide of the railway line to 
Huntingdon. The great excavation stretches in a south- 
easterly direction from the base of the outlier of Lower 
Greensand down the slope of the underlying Kimeridge 
Clay. It ia usual to treat of the pits in three portions for 
the sake of convenience. The first portion, known as the 
Great Pit, lies to the north-west of the railway and is the 
one generally visited because the sections are moat distinct 
and accessible. The Middle Pit lies east of the railway 
between it and a by-road and is much obscured by 
vegetation. The Lower Pit is the most eastera, and being 
at or near the level of the fen is generally filled with 
water. 

In the Great Pit (see Bonney, Gamb. Geol. p. 74, fig. V.) 
the sections exposed in the aides are those in which the 
structure can best be studied, for the fioor is occupied by 
ponda and partly overgrown with rushes. On the north- 
eastern aide the Kimeridge Clay (p. 41) is seen in place 
in almost horizontal beds containing bands of large septaria 
and capped by thin gravel which lies immediately beneath 
the soil. The Kimeridge Clay is also seen at the 
northern and southern ends of the western side. At the 
southern end it is bent downwards towai'ds the great erratic 
at an angle of about 20". At the north-western corner 
^f the pit the junction between the Kimeridge Clay and 
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Boulder Clay is obscured. The Boulder Clay and errata 
lie lengthwise in a BmaLl valley ploughed out of tlH 
Kimeridge Clay and extending from the house called 
'Little London' on the west to the River Ouse on the e 
The cross section of this valley with its hanka of Kimeridgj 
Clay is now exposed on the western side of the Great Pii 
The structure and relations of the erratic are best undi 
stood from a study of the ohservationa which have 1 
made upon the west and east faces. 

In the extreme south-west angle of this pit tl 
Kimeridge Clay was seen to dip beneath the Bouldi 
Clay at an angle of 20° to the north. A mass i 
shattered Kimeridge Clay separated the undisturb« 
Kimeridge Clay from the erratic, and the junction ( 
the shattered and undisturbed Kimeridge Clay was i 
sHckensided surface inclined at an angle of 60°, Th( 
other side of the shattered clay was bounded by a similai 
slickenaided surface inclined at an angle of 30°. Thee 
sUckensided surfaces have been mistaken for fault plant 

On this surface rested a more or less shattered r 
Lower Greensand which appeared to have slipped dow; 
the clay-slope. It was partly mixed with Boulder Glajp 
and the dip was determined to be 30° in an eaaterlj 
direction. This mass is no longer exposed, but the over 
lying mass of Boulder Clay contains fragments of its fin 
ferruginous conglomerate, and they also lie scattered t 
the talus slope. Resting on this clay is the erratic, tin 
basal beds of Gault and the rest consisting of the successivi 
beds of the Chalk in their usual sequence, and but littl 
disturbed. In fact the beds of which it is comp( 
almost horizontal, and thus do not agree in dip or stiikf 
with the above mentioned Lower Greensand and are a.0 
conformable to it. This narrower end of the great erratii 
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is no longer plainly visible on the western face, but is 
traceable on a spur projecting from the southern face. 

The west face ia now practically composed of a great 
mass of Boulder Clay occupying the interval between the 
erratic and the Kimeridge Clay which forms the other 
bank of the valley. 

Prof. Bonney, describing the eastern face, says: 
"Beginning at the north end the Lower Chalk, [which 
is] marly and shows traces of bedding distinctly dips 
at an angle of about 30" to N., the Upper [Cambridge] 
Greensand with phosphate nodules and characteristic 
fossils is in its usual place below, and the Gault (with 
many phoapbatic nodules and fossils) below that ; UTid 
then the Boulder Clay distinctly dips under it at ahout 
the same angle." The upper part of this Boulder Clay 
showed contortions, and at the southern end was full of 
blocks of carstone which slipped down or were torn off 
the banks of Kimeridge Clay apparently during the 
accumulation of the Boulder Clay, for the banks were 
capped by an extension of the Ely outlier of Lower 
Greensand. This section is now indistinct. The southern 
side of the pit is covered with talus and overgrown with 
grass, but it probably consists of Kimeridge Clay overlaid 
by Boulder Clay with fragments of the Lower Greensand, 
so far as one can judge from the scattered blocks on the 
surface. 

Mr Skertchly' states that he saw Boulder Clay under- 
lying all the Cretaceous rocks and cropping out on all 
sides of the mass. 

In the Middle Pit Mr Skertchly says " we again find 
the Chalk and Gault flanked by Boulder Clay which lies 

' Geol. ofFenland, Mem. Geol. Siirv. p. 236. 

11—%. 
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in a hollow in the Kimeridgo Clay. The sections are 
obscure, and the beds can be determiocd now with 
difficulty. The great boulder does not extend into the 
Lower Pit, but the Boulder Clay reaches the river in a 
narrow band with Kimeridge Clay on each side." 

Summing up we find that on all sides Boulder Clay is 
interposed between the great eixatic and the Kimeridge 
Clay, that Boulder Clay dips below and underlies the 
mass of Cretaceous beds, and that the Boulder Clay and 
erratic lie in a valley excavated in the Kimeridge Clay. 
Moreover, the beds of Kimeridge Clay are bent down 
where they abut on the Boulder Clay and erratic, as if by 
the weight of the latter; the edges of the beds are cut 
off and slickensided apparently by the same mass ; the 
Lower Greensand beds, which in the immediate vicinity j 
rest in their normal position ou the Kimeridge Clay, are j 
here shattered and displaced as if they had slid c 
forced down a slope of Kimeridge Clay ; the Cretaceour.il 
beds of the erratic do not correspond in dip or strike wit^'J 
the Lower Greensand in the pit, but are placed uncon-^f 
formably on it and with unusual relations to it. FiDaIly,|| 
any hypothesis of faulting demands a complicated a 
of movements which is scarcely credible in this area. 

In short the only rea.sonable view is that the ( 
taceous mass is a gigantic transported boulder brougtd 
from the Chalk area by the glacier which formed 
Boulder Clay'. Examples of such huge ice-transport 
masses are by no means unknown from other ar 
many exceed the Ely mass in size. Prof. Judd' 
described many in the Lincolnshire drift; an e: 

' The Gault has not been found in place within neoily S milM, si 
the nearest CboUi Mori ia 5 milei' dietani. 

' Mem. Oeol. Sum. Exphai. Sheet 6d, p. 316. 
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one has recentlj' been described at Catworth in Hunting- 
donshire'; a mass 800 ft. long and 60 ft. high is mentioned 
by Searles Wood"; in South Wales an isolated mass of 
sandstone 200 yds. long has lately been noticed by the 
Survey ofEcers; and many others have been recorded 
on the Continent and in North America. 



THE HIGH LEVEL GRAVELS AND 
LOAMS. 

Resting generally on the table-lands and higher groimd 
there are small patches of certain gravels and loams 
which have been termed ' Hill Gravels,' or the ' Coarse 
Gravel of the hills'.' They probably mark the last 
Bfcage of glacial conditions in this area. These 'High 
ivel Gravels' appear to be the remains of a wide- 
deposit which has now been almost entirely 
imoved by denudation. Probably the existing patches 
owe their preservation to lying in old chanDels or hollows 
in the rock beneath. 

They are found resting on the Boulder Clay and 
Overlapping it on to the Chalk (Fig. 11, p. 188). It haa 
been suggested that some of those on the Chalk are 
of earlier date than the Boulder Clay*; and others may 
llw only the Clay weathered in situ. Many j 



' OlflcialMdr' Magazine, vol. 1 (lfiS3), No. i, p. 96. 
■ Geol. ifag. Deo. i. vol. vni. (1871), p. i09. 

» Jnhea Browne, Foit Tertiary Bepoiits of Cninbs. (SedgwioJi EsBay, 
[ 1876). p. 40. 

■ Mem. Geol. Siirv. Expliin. Quart. Sheet 51, S. W. p. 79. 
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hold that they are of manne origin and indicate 

submergence and subsequent emergence of the land. 

Characters. The gravels are composed of such 
materials as would be derived from the washing and 
sorting by water of the Boulder Clay itself, sind this has 
led to the belief that they may be only rearrange! 
Boulder Clay. Most of the pebbles are of flint, ba 
there is an abundance of fragments of white chalk ; 
various Jurassic rocks and phosphatic nodules from tb 
neighbourhood are also found in them. Of rocks from ) 
distance fragments of Red Chalk, quartzites, Carboniferoo 
Limestone and sandstone, with a variety of igneous s 
metamorphic rocks (basalts, porphyrites, granites, gneisses 
schists, etc.) are fairly common. 

The flints are usually angular but sometimes more c 
SB rounded. The softer chalk pebbles are often wel 
rounded. The pebbles of other rocks are generallj 
subangular but the far- travelled boulders are mud 
waterwom. Ice-grooves and scratches are occasional^ 
preserved on them. 

When the pebbles are imbedded in any matrix t 
latter is of a loamy, chalky, or sandy character. 

The gravels themselves are for the most part ( 
and totally mistratified with a considerable amount < 
iron-staining. Thin and impersistent beds of loam i 
sand are occasionally found intercalated. 

Dlitribiitlon. As above stated these gravels 
mostly on the high ground. The lowest point whiofi 
they reach is in the old valley east of Babraham. East>' 
of Tharfield there is a loam on Boulder Clay on the top; 
of the escarpment 500 ft. above the sea, which probably 
should be correlated with these gi-avels. 
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On Banington Hill near Linton a patch of coarse 
flint-gravel lies directly on the Boulder Clay which caps 
the hill about 350 ft. above sea-level. 

The large patch of gravel east of Hildersham belong- 
ing to the same group of deposits liea partly in a hollow 
of the Boulder Clay aud partly on the Chalk. The 
junction is exposed in the cutting at the cross roads. 
The lower patch of sandy gravel north of Hildersham 
Church at the junction of roads and lying about 140 ft. 
above sea-level was probably once connected with that on 
the hill above. Westwards the Boulder Clay is overlaid 
by thick beds of gravel which extend beyond the Boulder 
Clay on to the chalk. 

A pit J mile north-west of Little Abington Grange 
shows gravel composed of pebbles of a great variety of 
rocks. Again, in the pits north of Fulboum Lodge 6 to 8 
feet of sand and chalky gravel may be seen resting on 
the Chalk, 

Copley Hill, Misleton Hill, and Little Trees Hill are 
capped by chalky gravel with many flints. 

The old pits ^ mile west of Hill's Farm on the north 
side of the old Roman road called Worsted Street have 
been described by Prof. Sedgwick and others. According 
to the Geol. Surv. Memoir the beds exposed in 1S75 were 
as follows : — 

Stiff yellowish sandy clay, containing atones of various 
aiiies and set at various inclinations ; the pebbles of chalk 
rounded, the others angular. About 50 per cent, are chalk, 
30 per cent, flints and 20 per cent, of various other rocks ,.. 6 ft. 

Coarse nibbly gravel, said to be obtained below this and 
resting on chalk ... ... .,, ... ... .,. ,,. 3-4 ft. 

The phosphatic nodules from the Cambridge Green- 
sand, which are found in this locality in the gravel, are 
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more than 200 ft. above the level of the present outcrop 
of their parent bed lying to the north and north-west. 

There arc many small patches of gravel on the Gog 
Magog Hills belonging to this series, as for instance on the 
slope from the escarpment towards Newmarket. Loamy 
patches occur a mile south-east of Weatley Waterless. 

The ridge of Boulder Clay N.W. of the Ouse \a 
capped by patches of similar gravel, aa for instance near 
Bluntiaham and Pidley. 

Orl^n. It has long been held that these gravels 
were formed by the washing out and rearrangement of 
the Boulder Clay' ; the materials, the condition of the 
pebbles, and the distribution of the deposits all point 
to the same conclusion. But whether this process wae 
connected with the last stages of the Glacial Period or 
belongs to more recent times is a disputed point. It is 
probable that they correspond with the "deposits oi' 
stratified flinty or chalky gravel or sand " which ovarii©, 
the Chalky Boulder Clay of the Midlands and which,, 
according to Prof. James Geikie^ are the so-called "Middl& 
Sands" etc. of Cheshire. It is supposed by the same 
writer that when the glaciers commenced to retreat' 
great volumes of water from the melting of the ice 
rushed over the land in a torrential manner, washing out 
and rearranging the coarser materials of the Boulder Clay 
and carrying off the finer particles in suspension to be 
deposited in quiet inlets as beds of sand or loam. It 
aeema, however, very questionable whether such floods can 
explain their present distribution. 

' Soeley, Q. J. G. S. vol. xin. (1S66), p. 479. Bonoey, Camb. Grot 
p. 52. 

' Geikie, Great Ice Age, 3rd ed. (1891), p. 376. 
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^^^ It is urged, moreover, by Prof. Geikie that as the 
^H^orth Sea ice-sheet had advanced against the drainage 
^^)f the country the larger streams on its retreat flowed 
down again into their clay-filled valleys, but because their 
waters could for a long time find no escape into the open 
sea owing to the opposing froat of the ice-sheet the low- 
lands must have been submerged by the formation of a 
large lake or series of lakes, such as Prof Carvill Lewis 
supposed'. The size and depth of these lakes depended 
on the contour of the ground, the height of the ice-front, 
and the number and magnitude of the streams obstructed. 
The lakes were uot completely drained off till the final 
disappearance of the ice-sheet. It is supposed that 
the draining at last took place suddenly, as was ooce 
the case in the modem Merjelen Lake', so that the water 
rushed in a torrential manner over the land, washing out 
the soft clay, roughly sorting its contents and heaping 
them together in masses of unstratified clayey and chalky 
gravel. On this theory it is difficult to understand their 
presence on the hills and absence in the valleys into 
which we might have expected the materials to have 
been swept, but it is held that in the valleys they have 
been iocorporated into the river gravels, while post-glacial 
denudation has spared them only in sheltered situations 
on the crests of ridges. 

Those geologists who believe that the Chalky Boulder 
Clay is a submarine deposit formed of material brought 
by icebergs explain these High Level Gravels as the 
result of wave-action on the surface of the Boulder Clay 
as the land emerged from the sea°. If we deny that they 

1 Glacial Geology of Great Britain and Ireland, p. 43. 

» 0. 8. Dn Riche PreUer, Geol. Mag. Dao. 4, vol. m. 1896, p. 97. 

» W. H. PeDning, Q. J. G. S. vol. tixm. (1876), p. 191. 
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are simply the result of the post-glacial weathering in 
situ of the Boulder Clay, and also maintain that there 
is no direct evidence of their formation by marine agency, 
or of the submergence required, we must have recourse to 
some theory which calls in the action of land-water on 
an extensive scale. However no explanation hitherto 
oflfered is wholly satisfactory. 
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POST-GLACIAL DEPOSITS. 

THE RIVER GRAVELS'. 



The river gravels in the Cambridge valley belong to 
two main groups: (1) the gravels of the ancient river- 
syateia ; and (2) the gravels of the present river-ayatem. 
The latter gravels occur in three main terraces which are 
termed (1) the Barnwell terrace; (2) the intermediate 
terrace; and (3) the lowest terrace (Fig. 11, p. 188). 

Between the deposition of the gravels of the ancient 
river-system and those of the present river-system there 
must have been an entire change in the drainage 
of the area, for the channels of the present rivers and 
streams rarely coincide with the ancient ones. What 
led to this widespread change was undoubtedly earth- 
movement of some kind which diverted the streams into 
new courses and thus led to the formation of new valleys 
and surface -features. 

Prior to the formation of a.ny of the river gravels* we 
find incontestable evidence in the pre-glacial valleys de- 
scending Car below the present sea-level (see p. 161) that 
there was an important downward movement of the land 
leading to submergence of the low-lying coastal region 
and the lower parts of the river-valleye. If we hold the 

' Joltea BrowDe, The Pott Tertiary Depoiits of Cambridgeahire (Sedg- 
wick ERsaj, 1876). Meal. Oeol. Survey, Quart. Sheet 51, S. W. pp. 82—111. 
Mem. Geol. Survey, Quart. SheetSl, N.E. pp. 72—81. Mem. Geol. Survey, 
Sheet 66, pp. 90—104. 

" Mr Searlee T. Wood believeB that the armlent ^travels are not dae to 
river action, and maiDtaina that ihej were deposited in extra 
lakes on the retreat of the ice {Q. J. G. S. vol. xxiLVtn. (1882), [ 
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view that the Buulder Clay and High Level Gravels owe 
their origin to coastal ice, ice-hergs or marine agencies, 
this submergence must have taken place at the beginning 
of or during the Glacial Period. This view also necessi- 
tates that between the formation of the Forest Bed Series 
and that of the Arctic Freshwater Bed there was a long 
interval, during which the whole of East Anglia and 
prohably the whole of Britain was raised far above the 
level of the sea'; for it was in this period of elevation 
that those valleys were cut out which now have their 
floor far below sea-level. According to this theory the 
submergence which took place about the beginning of 
Glacial times depressed the land which occupied the area 
of the North Sea more or less completely beneath the 
water, but after the formation of the Glacial Drift there 
came an uplift sufficient to re-unite Eugland with the Con- 
tinent, and to allow of the immigration of large mammals, 
etc. belonging to the continental fauna. The land how- 
ever did not attain its former height, but during this 
second period of elevation the earlier river gravels of this 
district, including the Barnwell Terrace, and the local 
moraines of mountainous distncts further north were 
formed. Some slight earth -movement — perhaps only of 
local importance — caused the shifting of the courses of 
the rivers shown by the difference of the trend of the 
ancient river gravels and of those of the Barnwell Terrace. 
Some time after the gravels of the Barnwell Terrace were 
formed the land connection with the Continent across the 
English Channel was Anally broken, but there seems to 
be no evidence that this movement affected our area 
to any important extent. 

On the other hand, if we hold the land-ice theory of 
' Jukea Browne, Building of the British liies, p. 286. 
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the origin of the Qlacial Drift, we do not require eo many 
repeated earth-movements. According to this theory there 
was upheaval at the close of the Pliocene period of the whole 
of Britain, during which tim e were cut out the deep valleys 
which are now below sea-level. Glacial conditions then set 
in, probably before the land had reached its greatest altitude. 
A thick covering of ice swathed the mountainous regions 
and traversed the lower grounds in huge confluent glaciera 
or ice-sheets. After this icy mantle had spread over the 
greater part of Great Britain, and probably twice over 
East Anglia, it commenced to melt and retreat from the 
lowlands. Unequal depression of the land accompanied 
or followed this departure of the ice, bringing the floor 
of some of the old valleys below sea-level; and on the 
drift-covered surface of the land-area the rivers of the 
ancient system arose, cut out their valleys, and deposited I 
their gravels. A slight modification in the downward J 
movement or a warping of the surface initiated the presentrfl 
river-system. During the formation of the Bamweltl 
gravels and perhaps later, England maintained a con-l 
tinental connection, and probably possessed a consider** 
able eastward extension over the North Sea. Furthea;^ 
differential movements followed, mainly tending to 8ub^| 
mergence ; the land connection with the Continent wa^fl 
destroyed shortly before or very soon after the advent otfl 
Neolithic man ; and the latest movements iu East Angliafl 
are probably indicated by the submerged forests on th&j 
coast. fl 

There is however considerable difference of opiniotfB 
about these later Pleistocene movements, but it would b^fl 
beyond the scope of this work to enter more fully into thefl 
question^. B 

' Foi further details nee the Sarvej Memoirs of the diatriot. Prof. I 
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ElconomlcB. A considerable amouat of water is 
obtained from the gravels by wells sunk through them to 
the surface of the Gault, but the quality of the water is 
usually bad. The gravels also supply the district with 
abundant road-metal. 

THE QBAVELB OF THE AUOIENT RIVEE-8Y8TEM. 

These early river-gravels, ■which are found along the 
valleys running northward and north-westward through 
the Chalk hills and over the lower ground at the base of 
the latter, somewhat resemble the coarse High Level Gravels 
in composition, but they contain a much smaller percentage 
of far-transported material and show more evidence of 
rolling. They may be distinguished also by their distri- 
bution and to a minor extent by the presence of more or 
less distinct bedding and of subsidiary beds of sand and 
loam. The High Level Gravels occur usually as isolated 
outliers or patches, are limited for the most part to the 
higher ground, and do not appear to bear any relation to the 
direction of ancient or modem valleys in the Chalk hills. 
The ancient river-gravels on the other hand are found at 
lower levels (Fig, 11, p. 188) and occur as series of elongated 
patches along the sides or bottom of the long but now 
often dry valleys which cut through the Chalk escarpment. 
As they descend into the plain the patches become larger, 
and those from adjacent valleys tend to unite to form long 
ridges of gravel extending in definite lines across the 
country. Two considerable etreams which have been 

Boyd Dawtina' Early Man in Britain, "Wallace's Island Life, p, 319e(seg. 
Woodward's Geology of England and Walet, p. 481, etc. Prof. T. M"K. 
Hughes, "ETidenoe of Later Movemeiita of Blevatioii and DeproBBion," 
Ptoo. Vicl. Instit. vol. xiT. 1880—1881. Prof. J. Geikie's Great Ice Age, 
3rd ed. eta. 
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traced by means of these gravel-patches appear to have 
met in the neighbourhood of the town of Cambridge, 
whence they flowed in a north-north-westerly direction 
past Chatteris to March, where the river entered the sea. 
The details of the course of this ancient river with its 
tributaries and affluents are given below. 

The fluviatile origin of these deposits is proved by 
their distribution along and relation to the upland valleys, 
by their behaviour on the lower grotmd, and by the occa- 
sional occurrence in them of land and freshwater sheila and 
the bones of terrestrial mammals. 

The great age of these deposits is indicated by their 
want of dependence on the present surface-features and 
by their divergence from the existing lines of drainage. 
In places the later fluvia,tile deposits and the existing 
rivers cross them at right angles. 

Characters. There are no persistent lithological ( 
structural characters in these ancient river-depoaitft 
Gravels, sands, and loams all enter into their compos 
aition. The gravels usually contain a large amount c^ 
chalky material. The pebbles are mostly of chalk ana 
flint, but there are also many of quartzite, sandstooej 
limestone, schist, and igneous rocks, — derived from thfl 
Boulder Clay or High Level Gravels. In some plac 
the proportion of chalk stones is more than 50 per cent^ 

There is usually some kind of bedding present, and i 
the finer gravels false-bedding is not uncommon. 

The sands and loams are iuter-bedded with the gravebi 
in thin inconstant patches, and sometimes show contor* 
tion, as at Whittlesford, Occasionally the sands and li 
preponderate and form beds several feet thick. False 
bedding in them is common, and they frequently cut infi 
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the gravels or the gravels into them, in troughs or channels. 
The beds are often stained with iron. 

Distribution. The courses of the ancient rivers are 
indicated by these patches of gravels, but it is not always 
easy to separatt: them from the more recent river- deposits, 
particularly when the ancient river-course coincides with 
the recent one. 

Beginning in the south-weatem part of the district we 
find a series of gravelly and loamy patches starting from 
Wardington Bottom near Royston and ru nnin g along a 
north-easterly hne to Whittlesford. The course of the 
modem little stream coincides with them only for a short 
distance and bends away north-westward to flow past 
Foulmire. The ancient channel is traced by outliers of 
gravel, sand, and loam on the slope of the hills by North 
Hall, Sharpens Farm, Heydon Grange, north of Chrishall 
Grange, towards Triplow and then eastward to Whittles- 
ford, where in a gravel-pit close to the station a bed of 
false-bedded fine gravel is overlaid and cut into by sandy 
bufif-coloiired loam, above which occurs a second bed of 
gravel which has cut out a channel in the loam. At 
Whittlesford this ancient stream from Wardington Bottom 
appears to have been joined by two others, one of which 
flowed along the present Cam or Granta valley from 
Quendon in Essex, and the other ran approximately 
along the modern valley of the Lin. The predecessor 
of the modem Granta no doubt left deposits similar to 
those of the Wardington stream, but they have been so 
mixed up and incorporated with the modem river grayels 
lying in the same valley that it is almost impossible 
to separate them. Probably some of the loams near 
Wenden and Newport belong to the ancient river de- 
posits, and possibly either the loam or gravel or both 
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at Chesterford should be ascribed to the aame series, but 
this is doubtful. 

The eastern affluent — the predecessor of the modem 
River T.in — ran along the present valley, but at a higher 
level than the existing river. Patches of the ancient 
gravel with thin bands of sand and loam are seen in 
several pits near Bartlow Station and appear banked up 
against the Chalk slope. Further down the stream on 
either side of Linton and again near Pampiaford Station 
and Abington Park to the south of the present river, 
patches of gravel seem to lead on to the Whittlesford mass. 

The subsequent course of the river formed by the 
union of the three streanas at Whittlesford cannot be 
traced with certainty, since no newer ground high 
enough to reach its level is now found on the south 
side of Cambridge. The river, however, must have 
flowed through the gap between the Gog Magog Hills on 
the east and the Cretaceous promontories of Haslingfield 
and Barton on the west. The small patch of gravel near 
Stanmoor Hall may be a remnant of the deposits of this 
vanished stream, while the gravel cap on Redland Hill 
near Harston may point to the existence of anoth#'< 
tributary. But all further evidence of the course of 
river towards Cambridge has been denuded away ot 
obscured by more recent deposits. 

A completely distinct system of drainage existed 
the north side of the watershed above Hilderaham, and 
reference must first be made to it before tracing thf 
course of the main river north of the town of Cambridge^ 
From the hills about Hildersham and Ealsham several^ 
deep and long valleys run northwards and north-we^ 
wards and contain numerous patches of gravel and sand 
belonging to the ancient river system. These valleys 
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now for the most part dry. One such valley runs in a 
north-westerly direction from New Yole Farm south of 
Balsham, and a series of patches of gravel, sand, and 
loam are seen in it at various intervals and in pita near 
Baisham and Dungate. At the latter place the patch lies 
ou the slope of one side of the valley ouly, for the opposite 
side has been worn away more rapidly by the deepening and 
lateral corrosion of the valley in subsequent times. This is 
not an uncommon feature along these ancient valleys, but 
Avhere they widen out into the lower and more open ground 
the old gravels usually form long ridges elevated above the 
present general level of the land. The enormous amount 
of denudation that has taken place since their formation is 
forcibly impressed upon us by these features. The railway 
line to Newmarket cuts through one of the ridges along 
this Balsham line of gravels, and beyond this point the 
ridge is prolonged till cut off by the subsequently ex- 
cavated hollow in which Great Wilbraham lies. On 
the further side of this hollow the long gravel-capped 
ridge to Quy-cum-Stow is plainly a prolongation of the 
same. 

To the north-east of this Balsham valley lie two other 
valleys running north-westward from the slopes near West 
Wratting and Weston Colvillc. Both of these contain a 
similar series of gravels. In the first of these valleys the 
highest patch of gravel is very small and occurs 1 mile 
north of Balsham Church. Further down the valley a 
small pocket of gravel in a hollow near Wadley Hall has 
yielded many mammalian bones. So has also a larger 
patch near Lark's Hall. 

In the second valley only small patches are found, but 
they occur along a line which joins the gravels of the 
other valley near Sis Mile Bottom, and this union leads 
IS— 1 
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to a spread of gravel. The two streams which here seem 
to have become confluent, flowed as one river north-west- 
ward to Wilbraham, the course being now indicated by a 
long ridge of gravel; the aides of the valley have been 
removed by denudation. Near Wilbraham it was joined 
by the stream from the weistemmost of this group of three 
valleys, and the united streams flowed on westwards. The 
gravels, marking the further course of this waterway lie 
on the top of a long ridge of Chalk which they have 
preserved from denudation and which corresponds to the 
bottom of the ancient valley; the hill-slopes which once 
formed its sides have been entirely washed away. We 
are thus again enabled to get some idea of the enormous 
change in the configuration of the country since these 
gravels were deposited. Pits in this ridge have been 
opened near Little and Great Wilbraham, and fresh- 
water shells and mammalian bones have been recorded 
from them by tLe Geological Survey. Beds of loam and 
sand are exposed in some of the pits. 

This ridge is continued to Quy-cum-Stow, beyond 
which it is interrupted, but patches of gravel along 
the Newmarket road with the same trend plainly carry 
it on to Fen Ditton where it is cut across by the present 
valley of the Cam. Moat probably the gravels on the 
Chalk Marl ridge on the opposite side of the valley, i.e. 
those on Castle Hill and Mount Pleasant, are a prolonga- 
tion of the same series, while just beyond the Observatory 
the large pits by Gravel Hill Farm are in gravel, pre- 
sumably belonging to the same. The gravel here is 
about 5 feet higher than that at Quy-cum-Stow, which 
apparently is due to a slightly unequal upheaval of the 
district at some subsequent time — probably at the time 
when the modem system of rivers began to flow. 
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It was somewhere close to tliis spot that the river from 
the east, just described, was joined by that which flowed 
from the south which apparently occupied the present 
valley of the Cam between Harston and Cambridge. 

From the Observatory the line of gravels trends north- 
north-west towards Girton, for the stream from the south 
being more powerful owing to its greater volume, which 
depended on its loiter catchment-area and greater length, 
prevailed over its eastern afSuent and caused the river 
that resulted fiwm the union to pursue a more northerly 
course. 

The gravels in passing from the Observatory to Qirtan 
underlie St Giles' Cemetery and cross the Huntingdon 
Road. The ground on which they occur forms a per- 
ceptible ridge. Girton College stands on this gravel, 
which is here more than 10 feet thick. Between Girton 
and Histon the ridge trends slightly north-east; thence 
north-west to Oakington, throwing out springs at its 
base on its western side, and somewhat confused owing 
to breaches by small streams which have re-deposited 
the gravel and mixed it with later deposits. Beyond 
Oakington the high ridge sets in again and is continued 
steadily past Long Stanton, across the railway that goes 
to St Ives, and on to Swavesey and Over. Here as 
elsewhere this old river-gravel occupies high ground and 
has no relation to the existing valleys. Perhaps the 
large outlier of gravel around Willingham belongs to 
this series. 

About Btcmtisham and Colne gravel also occurs and 

may belong to this ancient line of drainage. Further 

north at Somersham there is a large patch beneath the 

town and on the high ground to the west and north-west. 

■ 'Chatteris is situated on a small island of gravel and loam 
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rising above the level of the BurroiindiDg fens, and marine 
sheila have been found here'. Following this line of 
gravels still further to the north we come to the patch 
of gravel around Doddington and Wimblington, from 
which many marine sheila have been obtained. A short 
distance further north is the important gravel of March, 
which has been the subject of considerable discussion', but 
there seems but little doubt that it belongs to the series 
of gravels here described and is not " contained between 
Boulder Clays " as Prof. Seeley held*, There are several 
patches of gravel around March which rise out of the 
fens as an island nearly 7 miles long. The gravel varies 
in thickness from 6 to 20 feet, and rests in some places 
on Boulder Clay and in others on Kimeridge Clay. It 
is rudely stratified and contains abundant chalk pebbles; 
its characters vary however considerably within short 
distances. A brownish clay or loam overlies the gravel 
here and there ; this was held by Prof. Seeley to be 
Boulder Clay and to prove the interglaeial age of the 
gravels. It is possible that though the March gravel 
belongs to our ancient river system of gravels and is 
newer than any glacial bed in the district, yet it may 
be older than some of the glacial beds in the north of 
England. Mr Clement Reid correlates the March gravels 
with those of the Holdemess drift on the evidence of the 
fauna', with which Prof. Hughes has compared the shell- 
bearing drift of the Vale of Clwyd', The gravel patches j 

' Mem. GeoJ. Surv. Geol. of Fenland, p. 202. 

' Mem, Geol. Serv. Explan, Sheet 65, p. 105, for details i 

ireuces. 

> Seeley, Q. J. G. S. vol. ixri. (1B6G) pp. 472. 473, 

[. (1866) pp. 500, 601, 
* Mem. Geot. Sarv. Geol. of Holdemesa, 
» Q. J. G. S. vol. iLiu. (1887) p. 73. 
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at Eaatrey, Coates, Whittlesea, and around and north of 
Peterborough are of the same age, and are to be regarded 
as the marine representatives of the ancient river-gravele 
which pass into them. They all yield marine sheila in 
abundance, and occasionally freshwater shells are inter- 
mixed. Eastrey and Whittlesea rise above the fen as 
islands, being formed of bosses of Oxford Clay capped 
by gravel. Numerous pits are worked in these locaUties, 
in which the gravel ia seen to attain a thickness of from 
8 to 12 feet'. 

These marine shell-bearing gravels appear to have 
been formed at the mouths of the livera which emptied 
themselves into the ancient Wash when its shore -line was 
situated much further south and west than it is now. 
The mixture of marine and freshwater shells is thua 
explained, but the preponderance of the former shows 
that marine rather than estuarine conditions prevailed. 
The most abundant species of the molluscs live at a 
depth of from 5 to 10 fathoms, but the sheila of those 
fotrnd in the gravels were thrown up by the waves on the 
beach which the gravels formed. 

The marine gravel at Hunstanton' may be of the same 



^ 



Returning now to the ancient river-gravels which are 
found in the valleys, we find in the neighbourhood of 
Newmarket several patches of gravel ari'anged along 



Mem. Oeol. Sum. Geol. of Ftnland, pp. 187—192. 

Hose, Land, and Edinb. PkU. Mag. 3rd ser. vol viii. (1636), p. 34. 
Th. Wiltshire, Ptoc. Geol. Aiioc. vol. i. (1859), pp. 8—11. H. G. Seelfy, 
Q. J. G. S. vol. isii. (1866), p. 470. 3. V. Wood and Harmer, Suppl. 
Crag Mollitsca {Palaont. Soc.), p. 223. Jukee-Browne, Q. J. G. 3. vol. 
KisT. (1878), p. 415. B. B. Woodward, Proc. Geol. Jssoc vol. tiil (1693), 
p. S7. 
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definite lines, but apparently belonging to a. different 
river-system to that above described. These patches 
commence in the valleya which run north and north- 
westward from near W eat ley Waterless, Dullinghara, 
Ditton, and Cheveley. They aeem to converge near 
Exning. Some other patches on Ling Hill south-west 
of Newmarket may indicate a tributary. From Exning 
the ridge of gravel turns to the north-east and seems to 
be connected with the patch of gravel at Snailwell on the 
Newmarket and Ely railwa.y line and with the long narrow 
ridge of gravel stretching south of Landwade. There is 
chalky gravel in pits near Kentford and Kennet, and it j 
may be of the same age as the patches above mentioned. I 

These patches probably belong also to the same series % 
as those on Barton Hill, south of Mildenhail, and near 
Eriswell and Lakenheath further north'. They "follow 
a line almost at right angles to the present rivers, and 
they extend right across the Kennett, the Lark, and the 
Ouse, so that they are clearly independent of the present 
rivers" {Skertchly). Flint implements have been foond 
in several of these localities (see p. 238). The gravels 
possess the usual characters of those of the ancient river J 
system, and at Snailwell the basement bed which rests on I 
the Chalk is of sand. 

North of Lakenheath the course of these gravels has 
not at present been determined. 

It must be remembered in examining the gravels of I 
the dry chalk valleys that they work down by subterraneaa [ 
denudation so that their base and basement bed have ] 
often been modified after the accumulation of the main ' 
mass of gravel. 



.Vem, Geol. Sure. Explan. Sheet 51, N,E. pp. 72, 73. 
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i Ancibkt River Oravbi^. 



Boi primigeniua Bojan. 

Mephas antiqvMg Falo. 

Equut fogsilii H. V. Meyer 

Sippopotamug rnajor Deata. { = H. amph&iua Linn,) 

Rhinoeeroi tichorkinm Cuv. 



Helia kigpida Lina. 
Pvpa ma^nata Drop. ? 
Svcciftea putrU var. minor 

' % mm.! 



Liar OP Fossils prom the March Gravels, 
(Tho commonest HpeeicH are marked with an asterisk*.) 



Balanus porcaXua Da Costa 



Rhynchondla pnttacea Chemn. 



Lamellibraochiata. 

Anondtt ephippium Linn, 
Aslarte borealU Chemn. 

„ „ striated -variety 

„ oomprusa Mont, 

„ sulcata Da Costa. 
•Cardiwm edvle Lion. 
Corbictila {Cyreaa) Jtuminalis MiiL. ? 
Corbvla ffibba Oliri l = G.ttriata Lam. and C. nKclev» Lam.) 
Oyprina ulandica Linn. 
Ufactra eolida Linn. {~M. ovalii Sow.) 
Jfyu arenaria Linn. 
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MOLLCBCA (_cont.). 

Lamollibranchiata {cont.). 
Mytilas edulU Linn. 
„ modiolui Linn. 
*OitTai edidia Lina. 
Pholtu criipata Linn. 

„ daciylm Linn. ? 
Scrt^widaria plana Da Coata 
Tdiina baUhica Linn. 

„ ccUaarea Chemn. (= T. lata Gmel.) 
Unio tunUd\u Retzius 
Gasteropoda. 

Aporrhaii pei-pelitmni Linn. 
*BuccinKm undatum Linn. 
Bithinia ientacalata Linn. 
Emarginuta fissura Linn. 
Hi/drobia {Riiioa) ulvae Penn. 
Laernia orcuaior Mont, 

„ vincla Moot. 
Liltorina litCofea, Lion. 
„ rudis MatoQ 
?fatica alderi Forbes 
„ catena Da Ooata 
„ idandica Omel. ( = N. helicoidet Johl 
Pleurotoma pyramidalU Striini. 
„ mfa Mont 

„ turriaala Mont. 

Purpura lapiUia Linn, (inoliidiiig v 
Scal<xria cammv/riie Lam. 
Trochue einwaniH Linn. 
Trophon bamffim Mont. 
* „ olathToius Linn, 
'Turriidla terebra Sow. (=7 
Valvata piicinalit Mlill. 
Vdviina undata, 3. Smith 

Scapbopoda. 

Dentaliiim enlalis Linn. 
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GRAVELS, ETC. OF THE PBESENT RIVER SYSTEM. 

The gravels which he more or less along the courses of 
the present rivers, following in the main, the present lines 
of drainage, and occurring in the valleys and along the 
banks of the existing streams, have now to be considered. 
They are however found at different levels to the deposits 
of the rivers whose waters now flow across the country, 
and do not resemble them in character, for in historical 
times only silt and sand or fine grave! have been deposited, 
whereaa the coarseness of these earlier gravels as well as 
their thickness and extent indicate a greater carrying 
power, a larger volume of water, and less temperate 
conditions than now prevail. 

In the upper parts of the valleys extensive denudation 
has usually destroyed the gravel terraces, washing the 
material down to lower levels and incorporating it into 
river alluvium of a later date. The lateral denudation 
has not been so great on the gentler slopes of the lower 
portions of the valleys, so that it is here that we find the 
gravel terraces most distinct and best preserved. Such 
is the case just south of Cambridge and in the neigh- 
bourhood of the town. On the more open and level 
country to the north there is scarcely any difference of 
level between the deposits of various periods, and con- 
sequently the terraces are very difficult to separate. 

In the Cam River-system we can distinguish three 
terraces. The oldest and highest of these is known as 
the Barnwell Terrace because of the good sections of it 
at that place ; the middle one is termed the InterTnediate 
Terrace ; and the newest one ia known as the Lowest 
Terrace. 
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(a) The Barnwell Terrace. 

The gravelly silt at Barrington' is the southernmost 
patch of any importance belonging to this terrace. It 
marks the spot where the river that rose in Wardington 
Bottom was forced to turn to the north-east on account 
of the opposing barrier of the Chalk hills near Orwell and 
Bamngton. We have seen that when the ancient river- 
ayatem prevailed the stream from Wardington Bottom 
flowed from its source in a north-easterly direction ; but it 
seems to have gradually changed its course, first to the 
north and then to the north -west fram Foulmire to 
Foxton, The patches of gravel near Foulmire, Foxton, 
and Harston as well as the gravelly silt near Barrington 
on the opposite side of the present Rhee valley result 
from the obstruction by the western Chalk hills of the 
waters of this Wardington river. For a large swampy 
area, liable to frequent floods so aa to form a lake, would 
originate at this spot, and on its southern side where the 
river entered it would be dropped all the coarse material 
from the hills to the south, while the finer material would 
be carried out further into the lake and deposited under 
the lee of the Chalk hills, down whose slopes would be 
washed much marly clay from the denudation of the 
Chalk and of the Boulder Clay. Thus at the south- 
eastern comer of the flooded alluvial flats a set of beds 
would be accumulated completely different in character 
to those on the western aide. The latter are the 
Barrington silts and marls ; the former are perhaps the 
Foxton gravels. It is probable that there weis no Rhee 
valley above Barrington at that time, but that the whole 

' Key. 0. Fisher, Q.J.G.S. vol. ixiy. 1879, p. 670. Mra T. M'K. 
Hugliefl, Geol. Mag. Dec. 3, vol. v. (1888), p. 193. 
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country was occupied by Chalk hills capped with Boulder 
Clay ; for the present Rhee is entirely fed by springB 
from the Chalk Marl, the outcrop of which must then 
have occupied a very different position to what it does 
now. The Rhee valley above Barrington is marked by 
an absence of gravelly deposits, and this pointa to the 
removal of the Boulder Clay from the surface of the land 
prior to the excavation of the valley, for the gravels 
elsewhere derive most of their materials from the Boulder 
Clay. 

In this shallow lake at Barrington the carcases of 
numerous large mammals were imbedded in the silt, 
The great abundance of their remains must be due to s 
peculiar combination of cii'cum stances. No doubt the 
marsh was the haunt of the hippopotamus, and the favourite 
drinking resort of herds of ruminants and pachyderms, 
while the hytenas, bears, and lions roamed round ito 
banks to prey on the herbivores. Perhaps an eddy in 
the sheltered western corner of the lake prevented 
the carcases drifting away'. Land and fluviatile shells! 
are abumiant in this silt, and many of them aa well 
as a large number of the mammalia are found also i 
Barnwell (see list p. 210). 

From the neighbouring valleys of the Cam and th« 
Lin issued streams which after uniting joined the 
Wardington river above Harston, but the oldest terrace 
in these tributary valleys can rarely be identified wit^ 
certainty. 

All along the upper part of the Cam valley in N-E^ 
Essex patches of gravel occur in which shells and mam^ 
malian bones have been found. Such patches occur at 



Rav. 0. Fislier, Q. J. G. S. vi 




THE PLEISTOCENE DEPOSITS. 207 

Newport, Wenden, and Little Chesterford, but the diffe- 
rent terraces have not so far h«en separated'. 

Lower down the T.Jn valley patches of gravel occur 
which apparently represent the Barnwell terrace, and 
north of Pampisford there are 10 ft. of stratified gravel 
and luacu exposed in some pits containing LimtuEa and 
Pupa. 

It is juBt beyond the old point of junction of the Tjiti 
and Cam and on the high ground N.W. of Shelford that 
we get a patch of gravel which can with certainty be 
ascribed to the Barnwell terrace. The railway cuts 
through it, and the deposit is seen to consist of fine 
gravel, white sand, and marl, resting on the Chalk slope. 
It contains land and fluviatile shells including the charac- 
teristic Gyrena (Corbicula) fiuminaiis. Other patches 
occur between this spot and Trumpington, where the 
gravel still rests against a Chalk slope, as the river had 
not at that time cut down to the Gault. 

Near Trumpington the main stream received a tribu- 
tary from Comborton and Barton. Patches of gravel at 
Comberton and between that Tillage and Barton lead on 
to the western end of the long ridge of gravel which 
extends continuously from Barton to Graotchester, where 
it is interrupted by later gravels and the modem Cam. 
The stream known as the River Bourn flows to the south 
of the Barton gravel ridge. 

North of Trumpington the river of the Barnwell 
Terrace appears to have turned towards the north-east, but 
its deposits are here again cut through by a set of later 
gravels trending north-west. Close to the Cambridge 
Railway Station the gravel again sets in and reaches a 
_ thickness of about 16 feet. It runs then north-west to 
■ Mem. Geol. Surv. Explan. S>ieet 47, pp. 70, 71. 
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Mill Road, underlies the cemetery, extends to the western 
comer of Parker's Piece, along East Road, and thus to 
Barnwell, where in the pits near the Abbey Church 
bedded marhi, sands, and gi'avels reach a thickness of 7 
to 20 feet. To the north-west they overlap the Chalk 
Marl and come to rest on the Gault, 

Bones and teeth of Rhinoceros Hckorhimis, Elephaa 
primigenius and Equus /osstlis have been recorded from 
several of the above-mentioned patches of gravel. But 
at Barnwell — the typical locality for the development 
of this terrace — a much more abundant fauna has 
found' (see list). According to the Survey Memou 
{Eajplwn. Quart. Sheet 51, S.W. p. 98) the general successicg 
seems to have been the following : — 



{6} Soil and disturbed gravel 3 — 3 

(5) Falae-bedded sands 

(4) Layer of white marly loam 

(3) False-bedded sand and fine grave 

(3) Brown marly ulay or loam J — 4 

(1) Coarse pebbly gravel 2—4 

Total about 20 feet 



ravel) 



Flint pebbles are the chief component of the gravels here 
Chalk pebbles and phosphatic nodules are also common 
Boulders of far-travelled rocks, such as gneiss, granite, 
basalt, felstone, quartzite, limestone, etc. also occur- 
Most or all of these have been derived from older gravels 
which had originated from the denudation of the Bould^ 
Clay. 

Beyond Barnwell the Barnwell Terrace strikes aero 
the present river valley past Chesterton, but it is the? 
cut out by the later gravels. Between the windmill N.W! 

' T. M'Kenny Hughes, Geol. Mai/. Deo. 2, vol, i. (1883) No. 10, p 
Mrs T. M^Kenny Hughes, Geol. Mag- Dec. 3, vol. v. (1888) p. 193. 
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of Chesterton, which stands on an island of Chalk and 
Ganit, and Castle Hill there extends a trough nearly half 
a mOe wide filled with gravel and loam, and at the south 
end of Victoria and Milton Roads a pit is opened in 
sandy brickearth and gravel ; and in it have been found 
bones of Cervus gigantexis, teeth of Elephas primigenius, 
Bhinoceros tickorhinvs. Hippopotamus amphibius, and 
Eguus fossilis, with the common shells Gyrena (Gorhicula) 
Jhiminalia, Unio pictorum, Pisidium amnicum, Planorbis, 
Valvata, Helix, etc. Northward of this channel the 
gravels spread out over a wide area towards Impington 
and Histon, but the patches have suffered much denuda- 
tion and rearrangement, so that it is difficult to be sure 
of their- age. 

The patch of gravel north-east of Histon is cut off 
quite suddenly along a line running east and west about a 
mile north of the village, and there is an abrupt step-like 
descent on to the Gault plain which stretches north. 
There are no gravel patches of this age further north. 
It appears probable that the river, finding no outlet to 
the west or north-west on account of the high ground 
south of Oakington which is capped with gravel belonging 
to the ancient river-system, and having also no means 
of escape to the north on account of the ridge of 
Lower Greensand and Kimeridge Clay from Oakington 
to Cottenham, was forced to turn north-eastwards. At 
the elbow thus formed in its course it expanded into a 
broad sheet of water in which the spread of gravel about 
Impington and Histon accumulated. 

The further course of the river appears to have been 
north-eastwards, and the higher patches of gravel at and 
beyond Denny Abbey seem to mark its bed. Beyond 
the gravel outlier at High Elm House, N.E, of Causeway 
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End Farm, we are unable to trace its continuation, owing 
apparently to its removal by denudation or its burial 
beneath the fen deposits of peat aud silt. 

The following list of the fossils is compiled from the 
Survey Memoir, and the papers by Mrs M^KL Hughes\ 
and Mr B. B. Woodward': 



List of Fossils from the Barnwell Terrace. 

* Barrington. t Barnwell. J Milton Bocul and 
Chesterton. § Grantchester. 

VERTEBKATA. 
Mammalia.. 

*f Bison priscus Bojan. 

*Bison or Bos sp. 
*t§5o« primigenius Bojan. 

*flCervus gigarUeus Blum. (=C. megaceros Hart.) 
*t§ „ elaphvs Linn. 

*\Elephas arUiquus Falc. 
*^"+§ » primigenius Blum. 
*^:\^Eqmbs fossilis H. V. Meyer 
*^:^Fdis speloea Goldf. 

'*'\XffippopotarmLs major Desm. ( = ^7. amphibius Linn.) 
*\^HyoBna speloea Goldf. 
*\Meles taams Linn. 
*ilIthinoceros tichorhinus Cuv. (=/2. antiquiiatis Blum.) 

iSibs scrofa Linn. 
*\^Ur8us spelceus Blumb. 
i^Arvicola agrestis Linn. 1 

AVES. 

Aifiser sp. 

1 Geol. Mag, Dec. iii. vol. v. (1888), p. 193. 

2 Proc, Geol. Assoc, vol. x. (1888), p. 355. 
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INVEHTEBRATA. 





t§J«cyi 




t§ „ 


lacuitrit Linn. 


^^Azeca 


t}-idens Riet. 


iSaUa 


; perneraa Liiin. 1 


*f^BitMnia Ce/,/acidala Lion. 


iBvlvnvt lackhamemU Mont. 


^iBidiminut montanui Drap. 


n .: 




f^^EcUiamUa acicida MUE 


^CarycMim. inimmum Mull. 


\\ciau»aia pmiila Ziegler 


t§ „ 


rvgota Drap. 


t§C<maiK# ftdv«4 Dra].. 


•(^ciojcoma elegam MUIL 


^.ffeJu 


' aculeata MUll. 


+§ » 




t§ „ 




•ts „ 


caperala Mont. 


•t§ „ 




n§ „ 


oncetorum MUll. 


+5 „ 


fruHcmn MiiU. 


t§ „ 


.Aiipvrfa Linn. 


+ „ 


lamellata Je£f. 


n « 


Vicw^o Linn. 


*t§ „ 


nemorcd-U Linn, 


§ ., 


ofcwJiata MUU. 


•+5 „ 


pufcAeHa MUIL 


t „ 


Tufeteent Penn. 


•t „ 


virgata Da Coeta 


+§flyaft 


rjw M^tena MUlL 


+§ » 


eryetalUna MiOl. 


+§ ,. 


7ii(irfa Miill. 


t§ „ 


nitidula Drap. 


n „ 


radiatula Aid. 



fffydfobia maryinata Mich. 
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INVERTEBRATA {cont.). 
UOLLDBCA (eont.). 
OasteropodBi IctmL). 
iLimax agrettii Linn. 
t „ arborum Bonch. Chant. 
t „ lavii MiilL 
i^Limnaa auricularia Linn. 
*+§ „ paluilria Ifiill. 
•+§ „ ""peregra MU]1. 

t§ „ itagnidU Linn. 
*+§ H tntTKOtTda MUU. 
\\Fa(vla rotundata MUll. 
f „ mderata Stud. 
+§ „ pygmaa Drap. 
t§i*Ay»a Aypnorum Linn, 
tj „ fontinalit Linn, 
tlfJoMOrWi ooriwifiM MiilL 



+§ 




+ 


„ comem Linn. 


t§ 


„ eorUortm Lino, 


t 


„ fonlanat Lightf. 


+5 


„ 5;«i«- Jeff, 


§ 


„ -aautilvs Linn. 


t 


„ MiliyiM Miill, 


ns 


„ fpirorbii MUll, 


+§ 


„ tmtftvLinn. 


*t§iN(po tnarginata Drap. 


t 




t 


„ wmttiicoto Drap. 


•+§.5 


accin^a elegant Riaso 


•+§ 


„ jmlris Linn. var. mqior 


+ 


„ „ var. minor 


•+§ 


„ oblonga Drap. 


•+§ Vcdiiala crutata Mull, 


•+§ 


„ pitdnalu MUIL 


+ 


„ „ var. aMiqua Morr. 


\\VeHigo anguitior 3eS. 


+§ 


„ antivertic/o Drap. 
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IHTERTEBRATA icont.). 
MoLLoacA (ciml.). 
Gasteropoda {cont.). 

f Vertigo edentida Drap. 



t§ 



miniiliiaima Hartto. 
mculiTuiana Dupuy 



pusilla Mull. 
+§ II pygmtsa Drap. 
*\\Zua lubriea Miill. 
Lomelli braaohiata. 

fSphteriiim (Cycl<u) laemtre Mlill. 
*+5 ,1 „ corneum, Linn. 

\\Cj/reTia {Corbioda) JluminalU MillL 
*^Piiidiitm ammcum Miill. 
+§ „ fontinale Drap. 
"+§ „ „ var. hemlowana S 

+ „ nitidum Jenyns 

t „ pTilchelluw, Jenyns 
+§ „ puaillum Gmel. 
+§Pmw lUtoralii Linu. 
+§ „ „ var. limota Nils. 

+§ „ pictorum Linn. 
+ „ !«?n!y«s R«tz. ? 
*jl7iocion((i ap. 
f Crubtacka. 

\CypTU reptam Baird 
iCandojia compresia Koch. 
+ „ oandida Miill. 

PjiANTjE. 

tSporea and sterna of Ckara 
iSalie (probably S. repena) 



There are some specially interesting features in the 
molluscan fauna of this gravel terrace which have been 
pointed out by Mrs Hughes (op. cit). None of the 
MoUuaca are totally extinct, though seven species {Cyrena 



r 
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Jluminalia, Unio liUoralis, Unio pictorum var. limosa, 
Hydrobta marginata, Helix /ritUcmn, Paterida ruderata 
and Glausilia ■pumila) no longer esist in Britain, and 
6ome six or eight species are no longer found in the 
neighbourhood of Cambridge. "The shell which seema to 
indicate the greatest change of conditions ia the Cyrma 
(Corbicula) jluminalia." It first appeared in Britain in 
the Norwich Crag, but at the present day is not found 
nearer than Sicily, the Nile and the rivers of Asia Minor 
and Syria. Finally, " the whole gravel fauna seems to 
point to continental conditions, when Europe was con- 
nected with Africa, and England was uoited with France 
and Belgium." 

(6) The Intermediate Terrace. (Cam River system.) 

It is almost impossible to distinguish this terrace 
in the tributary valleys of the Cam, though there are 
many patches of gravel which are on a higher level than 
the deposits on the banks of the existing streams but oa 
a lower level than the gravels above described. There 
has been constant re -arrangement as well as erosion of the 
older gravels, and they have been incorporated into newar 
deposits during the meandering of the streams from side 
to side, to which process the widespread deposits of gravel 
are generally due. Such is the case in the valleys of the 
Granta and Lin above Shelford, and in that of the Bourn. 

It ia near Shelford that we first get this Intermediate 
Terrace plainly shown. From this village a long broad 
strip of gravel runs almost due north to Cambridge, 
occupying an old channel between the Barnwell Terrace 
on the low Trumpington ridge to the west and the Chalkt^ 
slopes to the east. Numerous pits around Shelford ai4 
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opened in this gravel, which reaj:hes a thickness of 12 ft. 
and contains fluviatile aud land shells (see list). 

From Shelford the spread of gravel accompanies the 
Vicar's Brook to Cambridge, cutting through the older 
BamwelJ Terrace east of Tnimpington and broadening out 
into a wide sheet which underlies the greater part of the 
town of Cambridge. At the Leys School this gravel lies 
at the surface, and close to this spot the combined streams 
of the Rhee and Bourn joined the Cam. Opposite 
Grantchester on the east bank of the Cam we find 
gravels of this age. North of Downing College and 
under the northern part of the town the gravel occurring 
at the surface may be rather noore recent, for its level is 
on an average 11 ft. lower. A ridge of Ganlt comes to 
the surface on Fenner's Ground and runs across Parker's 
Piece on the eastern side of Christ's Piece to Maids' 
Causeway, separating the Barnwell from the Intermediate 
Terrace which is banked against the ridge. 

On the west side of the river the same Intermediate 
Terrace is traceable through Newnham to the gardens of 
Trinity College. It has an average thickness of 9 or 10 ft. 
and it lies about 40 ft. above sea level, and is therefore 
about 10 ft. lower than the Barnwell Terrace. 

The extensive pits at Cheat«rt;on on the north side of 
the river are in gravel of the same age, and from them 
have been obtained many mammalian bones (see list). 

From Chesterton the terrace extends to Milton as a 
sheet of gravel three-quarters of a mile broad, running 
parallel to the Cam for some distance. Beyond Milton 
it diverges from the present river and trends away to the 
north, widening out after passing between Landbeach and 
Waterbeach. From here northwards a strip of Gault 
jptervenes between this terrace and the recent alluvium 
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of the river. A short distance beyond Deony Abbey the 
gravel disappears from view, the greater part of it having 
been removed by denudation and the remainder buried 
beneath the deposits of the fen. 

Everywhere along the valley of the Cam, but eepeoiall 
on the Gault in the neighbourhood of Cambridge, theM 
are troughs with intervening ridgea running approximately 
parallel to the valley and representing old stream beds, 
but these are now all levelled up, and are detected only, 
by drainage or other similar operations. 

List of Fossils from the Intermediate Terrace. 

VERTEBEATA. 
Mammalia. 

Elephca primigeniui Blum. (Cbeaterton) 
EquTU foiiilii H. V. Meyer (Cheatarton) 
Hippopotamua major Desm. (=-ff. amphibias) (Cheaterto 

INVERTEBRATA. 
MoLLuacA. 

Achattna adcula SIuJl. (Shelford) 
Melix rufesceat Penn. ! (Shelford) 
Ptanorbis cora^anatus Linn. 7 (Denny Abbey) 
Swxinsa pviru Linn. var. major (Shelford) 

(c) The Lowest Terrace. (Cam River systein.) 
The Lowest Terrace of the Cam Eiver system is onl 
slightly raised above the level of the modern alluviuH 
and borders the streams in their present courses for loq 
distances. From Cheaterford down to Shelford the Grant 
has an almost continuous fringe of these gravels on bot 
its banks, and they are well shown in the pits east of tl 
line by Whittlesford Station. 
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In the valley of the Lin from Bart low down to 
AbingtoQ patches of gravel belonging to this ten-ace 
occur at various spots. Near Bartlow Station in the 
10 ft. of gravel and loam tuaks of Elephas primigenius 
and shells of Helisc, Bithinia, J'upa, etc. have been found. 
From Abington a continuous strip of gravel extends to 
Shelford. At Shelford we find that the river formed by 
the union of the Lin and the Granta turned westward to 
Hauxton instead of flowing northward as at the time of 
the formation of the Intermediate Terrace. 

Near Hauxton the river joined the Rhee. but owing to 
the opposing barrier of Chalk Marl which here stretched 
across its course denudation was delayed at this point, 
and above it the river meandered about, cutting into the 
aides of its valley and giving rise to wide alluvial flats 
liable to frequent floods. Finally the river cut its 
channel through the barrier deep enough to carry off 
the water freely. This is the probable explanation of the 
large spread of gravel near Hauxton, sections of which 
may be seen in the pits from which the Chalk Marl is 
now extracted for cement. Some geologists suppose that 
a lake existed behind the barrier'. 

The Bourn River, which flows into the united Cam 
and Rhee south of Grantchester, shows strips of gravel 
along its course from Bourn eastwards to Grantchester 
which may belong to this terrace. 

The road along the " Backs " runs at the foot of 
the Intermediate Terrace, which is marked by the 
slightly higher ground on which lie the Fellows' Gardens 
of King's, Clare, and Trinity Colleges. The flat expanse 
of ground of Chesterton Common and the " De Freville 
Estate" are situated on the Lowest Terrace. Further 
• Mem. Geol. Surv. Explan. Quart. Sheet 61, S.W. p. 105. 
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north & narrow strip runs by the side of the railway 
line to Ely, and another strip by Milton Fen is banked 
against the higher terrace. A patch by Homingsea seems 
to indicate the former existence of a, small tributary 
from the south, perhaps the same that deposited the 
Wilbraham gravels (see below). Beyond Waterbeach 
the gravel is found below a thin alluvial covering and i 
probably extends north beneath the fen between Denny I 
Abbey and Upware. Beyond this point this terrace has 
not been positively identified. 



VEETEBRATA. 
Mammalia. Bog lonffifrrms O-wen 

EUpha* primigen-iui Blum, (near Chester' 

INVERTEBEATA. 

MoLLDSCA. Bithinia tentamdata Lirni. 
Helix ap. 

Pupa marginata Draji. ? 
Swxinea putrii Linn. var. major 

Gravels near Wilbrahain and Fulboum. 

A large lake appears to have existed between 
Wilbraham and Fulbourn at some period subsequent to 
the institution of the present river-system, and we find 
its thin deposits of gravel and sand spreading over the 
low ground now occupied by Wilbraham Fen. In fact 
this sheet of water has only been drained during the last 
century, but it must have stood at a higher level before 
the deepening of its outlet near Quy-cum-Stow. Though 
this lake must have been of great antiquity, yet we find 
patches of gravel on the higher ground below the level 



Gravels of the valley of the Om 
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of the ancient river-system seriea but above the deposits 
of the lake, which apparently were accumulated before 
the lake existed, and mark out the course of a feeder of 
the Cam. Such patches are found at Little Wilbraham, 
near Quy Mill, and N.E. of Homingsea. 

I There are two terraces more or less distinct in the 
iper part of the valley of the Ouse. They are raised 
few feet above the level of the fen and of the recent 
nver-depoaits and are generally separated from them 
by a strip of Jurassic clay. 

The upper terrace appears to correspond to the 
EamwcU Terrace. The large patch of gravel, sand and 
loam between Fenny Stanton and Fenny Drayton belongs 
to it, and so does another patch between Holywell and 
Needingworth on the north bank of the river. Between 
Bluntisham, Colne, and Somersham are some more strips 
and patches of this gravel, which have here yielded Bos 
primigenius and some sheila including Cyrena fiuminalia 
and Cardiwm edule. The large spread of gravel north of 
Somersham also belongs to this terrace, and thus it 
appears probable that at this period the Ouse turned off 
northward near Bluntisham to flow into the Wash. 

The lower terrace of the Ouse is found around 
St Ives, and the town stands on a broad portion of it. At 
Swavesey and on the west and north side of Bluntisham 
Fen smaller patches occur, and at "The Holerofts" a 
larger expanse of similar gravel is found. 

Between this point and the Cam there is a complete 
gap, and not until Ely is reached do we get any gravel 
which can be assigned to either stage. Here between 
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f 

^V Roslyn Hill and the town of Ely an isola,te<l patch • 

^M gravel extends which may helong to the lower terrac^^^ 

^1 in it have been found Bos longifrans, Cervus, and Eqm 

^B fosailia'. At littleport on the high ground 

^^ gravel is mapped, but to what terrace it 

^ uncertain. The old course of the Ouse (Old Welney 

River) is marked at Butcher's Hill by sand and grave/ 

probably belonging to a lower terrace. 






t of the tributaries of the Ouse. 



In the valley of the Kennett there are large spreads of 
gravel. The different terraces have not been made out, 
but the mammalian hones found in a pit in the grav^' 
near Kentford Church* show that probably some (^ 
the gravel belongs to the age of the Barnwell Terrac< 
(see p. 238). In Chippenham Field, more than a milfl 
N.N.W. of the church, gravel is said to have beea 
worked to a depth of 60 feet before Chalk was touched*. 
There are broad patches of gravel between Fordham and 
Worlington, but their age and significance are doubtfuL 

The wide patches of gravel on the southern side ( 
the valley of the Lark nearly join those of the Kenneth 
but they He in the county of Suffolk. 

' Qeol. of Fenland, p. 183, and Hem. Geol. Sum. ExpUm. Quart, 
Sheet 51, N.a p. 81. 

' Mem. Geol. Sure. Exptaii. Quart, Sliest 51, X.E. p. 76. 
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THE FEN DEPOSITS. 



The whole of the northern part of Cambridgeshire is 
occupied by fenland'. The southern boundary of this 
tract runs, roughly speaking, from Over in the west 
through Willingham and Cottenham to a little north of 
Denny Abbey, Here it turns sharply southwards to 
Waterbeach, crosses the river Cam, and runs round the 
southern margin of Bottishara Fen, sending promontories 
down towards Homingsea and Swaffham Bulbeck. Thence 
it sweeps round the east side of Burwell Fen, stretches 
out to Fordham and runs in a wavy line past Wicken 
Fen and round Soham Mere towards Mildenhall, 

The superficial deposits of the Fenland consist of 
gravel, peat and silt. It was formerly held that the 
beds could be classified into a lower stratum of peat, a 
middle bed called the " Buttery Clay " and an overlying 
bed of peat termed " the Upper Peat." But according to 
the recent work of the Geological Survey'^ no such claesifi- 
cation holds good for the whole area. 

Gi-avel forms the basement bed of all the fen deposits 
and with but few exceptions appears to exist as a con- 
tinuous and persistent sheet beneath them'. Above this 
comes a variable series of beds of peat and silt ; in some 
places two beds of peat are shown separated by silt ; in 
others peat represents the whole fen series down to the 
gravels ; in others gravels and silts preponderate ; and in 

' For a full description of the whole Fenland see Miller and 
Skertclily, The Fenland (1873) and Mem. Geol. Siirv. Geology of the 
Fenland (1877). 

' Mem. Geol. Sum. Explan. Sheet 65 (1886), pp. 118—119. 

• Mem. Geol. Surv. Geol. of Fenland (1877), p. 183. 
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ices^ 



others there is no peat at all. There are many instancee ■ 
of the rapid alterDation and variation of beds within short 
distances. 

Speaking generally, the northern part of the Fenland 
may be said to consist of marine silt and the southern 
part of peat. The southern limit of the silt marks the 
shore of the great bay — the predecessor of the Wash : 
but owing to the frequent invasions of the sea into 
the flat peat-country this line is complicated and in- 
definite. 

But this great sitt-covered plain has been advaQcing 
northwards from prehistoric to Roman and mediasval 
times, and the process is going on still at the present 
day. So long as the climatic conditions were favourable' 
the peat continually encroached on it from the south*: 
but as the climate became drier the growth of the peat 
diminished in vigour and finally ceased. NeverthelesB. 
the sea has continued to retreat and the process c 
silting up of the estuaries of the Ouse and of the other 
rivers flowing into the shallow bay has gone on incessantly. 

The ancient estuary of the river Ouse lies partly in 
Cambridgeshire. The course of the river above Littleporti 
was originally to the north-west, and it passed up what 
are now called the Old Croft and Old Welney Rivers by 
Welney to Upwell and thence through Wisbech to the 
sea. Sections through the beds along this line show ail 
alternating series of loams, clays and peat-seams wit^ 
estuarine and dwarfed marine shells'. Before the end ol 
the thirteenth century' this river Ouse — the Great Ouse— 
was artificially diverted into the Little Ouse by a cros 
cut to Brandon Creek. The Welney river then became 

1 Mem. Beol. SuTV. Explan. Sheet 6S, pp. 120—131. 
^ Mevi. Geol. Sun.-. Geai. of Fenland, pp. 86—90. 
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branch of the Nene, till the final draining of the fens 
its course for ever. The long prolongation of the 
tract of sitt from Wishech south -east ward a to Littleport 
and the ditch called the Croft River mark the course of 
this onee important but now vanished river'. 

The aspect of the Fenland is well known, but the 
turea of the tract occupied by peat are not 
identical with those of the broad northern fringe of ailt- 
land. The peat-land forma a perfectly fiat open plain, 
quite treeless except for the lines of poplars and willows 
along the water courses, and devoid of hedgerows and 
villages. The black colour and the peculiar nature of 
the soil are also its special characteristics. The silt-land 
has on the other hand a somewhat uneven and undulating 
■Burface and is dotted with trees and villages. 

(a) The Peat. 

The peat of the Fenland is true marsh- or bog-peat 
and consists of the accumulated remains of mosses and 
swamp-loving plants. Rushes (Juncus), reeds (Arwndo), 
sedges (fiarex), mosses {Hypmim), stoneworts (Chara), 
bladderworts (Utriculana), confervte, and other aquatic 
plants, together with the roots of willows and of other 
trees, and the wood of the buried forests of oak, elm, 
fir, birch, yew, alder, and willows, all enter into its 
composition. 

During the greater part of the period which the peat 
represents a climate must have prevailed favourable to its 
growth, but occasionally drier intervals intervened when 
the surface of the peat became firm and the waters 
retreated and forests of large trees grew up. When the 
area was again flooded the trees were destroyed. 

Mem. Geol. Surv. Geol. of Fcntand, Plates i. and iv. and p. 140. 
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At some date, probably within historic times, the peat 
ceased to be formed owing to the gradually increasing 
dryness of the climate due to embankments, drainage 
and cultivation. 

The upper part of the peat ia always weathered to a 
crumbling black or dark brown material, but beneath thi 
surface layer it is fibrous, soft, and elastic, with distinta 
plant remains (ruahea, reeds, etc.) and affords the beal 
fuel. The lowest part ia almost entirely compos© 
mosa {Hypnum) and dries to a golden yellow colour. 
the peat beneath the weathered layer shows bedding n 
or less distinctly ; the lower beds are compressed aoe 
more compact owing to the weight of the overlying 
layers. 

In addition to the vegetable remains in the pea^ 
there are present the elytra of beetles, the bones i 
mammals, human implements of Neolithic type, 
objects of every later age which have accidentally beei 
entombed or have sunk into it. 

The peat occurs in beds of more or less persistence il 
thickness and extent, but the division into an Upper ani} 
a Lower Peat, as has been stated, does not hold good for 
the whole area. Interbedded layers of silt and clay occur 
at various levels and point to interruptions in the vegetable^ 
growth, and to river floods and incursions of the sea. 
Sometimes the alternations of marine and freshwatw 
conditions must have been very rapid. 

The thickness of the peat naturally varies, becauB4 
in some localities there was no continuous growth i 
vegetable matter, and here and there it ia split up 
or replaced by marine silts and clays. . In other 
spots we get an uninterrupted mass of peat. It 
should also be remembered that in those places where 
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long and excessive drainage has been carried on, the 
peat has shrunk considerably. Thus at Hilgay Fen this 
shrinkage amounted to 52 inches in 26 years'. 

The peat on the whole appears to be thicker in the 
south than in the north, as was to be expected owing to 
its comparative freedom in the south from marine irrup- 
tions. A thickness of 18 feet has been measured in the 
parish of Earith, but the average thickness is much less. 

Where beds of silt, etc. are intercalated the individual 
peat beds measure only from a few inches to a foot and a 
half in thickness ; and the contemporaneous denudation 
and breaking up of the peat is often apparent. 

Along the margins of the peat-land the peat thins out, 
and is often hard to separate from the modem moory turf. 

The "buried forests" in the peat are found at 
various levels, pointing to the repeated occurrence of 
conditions favourable to the growth of trees during the 
period in which the peat was formed. The trees of which 
the forests consist are oak, elm, fir, birch, yew, alder, 
and several species of willow. The timber is stained 
black or grey through the action of the peat, but 
the wood of the oak is sometimes fairly sound. Some 
of the trees must have been of enormous size; a 
trunk of an oak 70 feet long was recently discovered in 
Bottisham Fen, and bigger ones have been recorded. But 
the majority of the trees were not exceptionally lai^e. 
In the Isle of Ely a succession of five forests has been 
determined. The lowest consists of oaks and yews, the 
oaks being found where the subaoil is of clay, and the yews 
where it is of sand. The next forest consists of the same 
kinds of trees in peat. The two succeeding forests are of 
fire {Pinus sylvestris), while the highest and latest contains 
1 Hem. Geol. Sum. Explan. Sheet 8B, p, 123. 
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the stumps, trunks, twigs, and roots of sallows, willoifs, 
and alders'. Most of the trees are mere sttimpa broken 
o£f two or three feet above the roots, but the stumps with 
the roots attached are often present. The prevailii^ 
direction of the fallen trees in the peat is from S.W. to 
N.E. and it is noticeable that the trees now growing along 
the dykes and streams incline also towards the N.E. owing 
to the prevalence of south-westerly winds. In prehistoric 
and early historic times we may therefore conclude that 
the same winds prevailed. This mode of occurrence, taken 
in conjunction with the facts that the peat was for the most 
part formed earlier than Roman times and that the tree- 
trunks have plainly been broken off and not hewn down, 
renders untenable the view that the forests were cut down 
by the Romans. What apparently was the cause of the 
destruction of the forests was the flooding of the area 
owing to the rivers overflowing their banks and converting 
the moderately dry forest-land into expanses of stagnant 
water. The growth of the trees would at first be checked, 
and ultimately they would die and be blown down hj 
the south-westerly gales. In course of time they would 
be covered by the soft but preservative mass of decaying 
vegetation accumulating around their stems and roots'. 

PalSBOQtology of the Peat. The fossils of the peat 
are mostly the remains of plants and vertebrates, and the 
state of preservation of the bones is very characteristic. 
They are stained a deep chocolate brown or black, and 
are usually in a perfect condition. Frequently the bones 
of a whole skeleton are found associated together, showing 
that there has been no drifting or washing about of 




Mem. Gtol. Surv. Explan. Sheet SI, N.E. pp. 93—97. 
Mem. Geol. Surv. Explan. Sheet 05, p. 126. 
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carcfise, but that the aniiual was mired and sank 
I the soft yielding swamp, or died quietly in the 
mps and was buried in course of time beneath the 
i vegetable growth. 
I The Mammalia irom the peat partly belong to species 
Bch are everywhere extinct, partly to species which 
I no longer found in England, and partly to species 
ich still inhabit our country. The remains of Rhino- 
i and Hippopotamus which have been recorded from 
the peat, were long ago shown to be derived from older 
deposits, and the statement that the Irish Elk (Cenma 
gigantens) and the Reindeer {Gervus tarandus) have been 
found in the peat of this area atill requires proof. 

In the upper part of the peat human implements of 
Neolithic type are not rare, anJ the skull of a Bos primi- 
genius with a flint weapon imbedded in its forehead was 
found in 1863 in Burwell Fen' and is now in the Wood- 
wardian Museum. Bronze and iron implements and other 
objects belonging to later ages are also found in the upper 



Fossn^ OF THE Peat^. 
Plant*). 

Alnua glutinosa 
Betvla alba Liiiu. 

Chara ap. 

^Fagju tt/lmtticHe Linn. 
IVasfinju ap. 
Mypnitm Jbiitam Dili 
„ Jilvnnv.m Vill. 
Jwn,e}it obtugiJloTVs Ehrh. 

' Ptoc. Camb. Aittiq. Sac. li. p. 2S5. Oeol. Mag. Dee. 2, vol. i. (1874), 
p. 492. Bonuey, Camb. Oeol. p. 59. 

" Mem. Giol. Sutv. Qeol. of the Feiiiand (1877), App. K, p. 320. 
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PLANTiB (oOfU,), 

Lastrasa sp. 
Pinvs sylvestris Linn. 
Qriercus robur Linn. 
ScUix caprea Linn. 

„ cinerea Linn. 

„ repens Linn. 
Tcuvtu haccatus Linn. 
UlmuB sp. 
Utricidaria sp. 

INVERTEBRATA. 

Inbbcta. 

Copris lunarU Linn. 

Donacia simplex Fabr. 

Elater sp. 

Various indeterminable Neuroptera 

VERTEBRATA. 

Pisces. 

Esox ludvjt Linn. 

Reftilia. 

.S»iy« orbicularis Linn, (extinct in England) 

Ayes. 

Botaurus stellaris Linn. 
Cygnus musicus Bechs. 

„ olor Gmelin. 
Fvlica atra Linn. 
Pdecanus onocrotaltis Linn. ? 
Podiceps criMatus Linn. 
Querquedvla crecca Linn. 

Mammalia. 

-Bo« longifrons Owen (extinct everywhere) 
„ primigenius Boj. (ditto) 

Cawis /-Mjow* Linn, (extinct in England) 

„ vulpes Linn, (existing in England) 
Castor fiber Linn, (extinct in England) 
Cervus capreoltis Linn, (existing in England) 
„ elaphus Linn. (ditto) 
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iRTEBRATA {etmt.). 
wMuatAiAA (cont.). 

Liitra vulgaris Erxl. (exiatltig in Eni^laud) 
Martes abietum Gmelin (ditto) 

Site lerofa Linn, (extinct in Engkad) 
Uraiis arctoe Linn. (ditto) 



(6) The Clays and Siits. (='Fen Silt' of 
Survey Memoir.) 
Between the layers of peat there are intercalated in 
places thin beds of clay and laminated silt, indicating 
alternations of marine and freshwater conditions aa already 
mentioned. These intercalations are particularly frequent 
on the borderland between the peat-land and the silt-land 
where there were frequent floodings by the sea of the 
marshy tracts'. 

In the neighbourhood of Cambridge there is a fairly 
persistent bed of clay which is called the " Buttery Clay," 
and it separates the peat into an upper and a lower 
division', hut apparently this is only a local character, 
for the "Buttery Clay" merges into a clay containing 
Scroincttlaria piperata and therefrom called the " Scrohi- 
cularia Clay," and this also passes into the ailty or sandy 
deposits called " warp." In fact these three deposits 
— "Buttery Clay," " Scrobicularia Clay" and "Warp" — 
are merely local facies of one and the same deposit'. The 
clay, according to Prof Bonney, is usually about 6 feet 
thick but has been known to measure as much as 30 feet. 
In colour it is usually light or dark blue and purple, but 
is often mottled. Sometimes it contains carbonaceous 

' See SeotionH in Mem. Oeol. Sure. Otal. of Finland (1977), pp. 146—151. 

• Sonnef, Comb. Geoi. p. 57. 

t flflrf. qf Fmiand, pp. 173, 174. Mem. Geol. Siirv. Sheet 65, p. 133. 
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matter. "When wood is plentiful the bright blue phos- I 
phate of iron (Vivianite) occurs in amorphous earthy I 
lumps and streaks, varying in size from fine specks to I 
bits aa large as a bean." The clay is rarely bedded, Ja I 
of a soft 'buttery' or unctuous character, very rarely 
contains stones, and is fairly free from sand. 

The commonest and moat characteristic fossil isScrobia- 
laria piperata, and this shell is often found with both v 
adherent in the position in which it lived. The bones of 
whale, seal, walrus, and grampus have also been found in it, 
with those of Boa and Siis. Foraminifera are very plentiful 

The whole lithological character of the clay and i 
included fossils prove that it is a tidal deposit; and the 
process of accumulation of similar materials is now going 
on in the Wash. The finer argillaceous material corre- 
sponding exactly to the "buttery clay" is thrown down 
in rather deeper water than the sandy silt which is the 
modem counterpart of the ' warp.' 

The 'warp' is a very fine sandy deposit, finely laminated 
and containing a great abundance of Foraminifera, shell 
fragments, and minute flakes of mica. Beds of 'warp' 
and clay alternate abruptly , with thicknesses varying 
according to locality. A gradual transition from the clay 
into the sandy ' warp ' can occasionally be traced in a 
horizontal direction, as for instance near Croyland'. 

MOIJiTJBCA FEOM THE 'BdTTKRT ClAY.' 




Gardium edvle Linn. 
MytHus edidia Lion. 
Ottreu edulii lAnn. 
Scrobioularia piperata Linn. 
Tellina balthiea Linn. 
SUioa ep. 

' Geol. ofFwland, \ 
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From the Fen Silt, as a whole, including the clay and 
the warp, the following list is given in the Survey Memoir 
on the Fenland : — 

FoRAMiNiFERA (very plentiful). 

MOLLUSCA. 

Ca/rdium edtUe Linn. 
MytUiu edvlis Linn. 
Ostrea edvlis Linn. 
Piddium amnicum Miill. 
Sorohicvlaria piperata Linn. 

Gasteropoda. 

BUhinia tentaeidata Linn. 
ffelix pvlchella MUll. 
Hydrolia (Rissoa) tUvce Pen. 
Limncea peregra MUll. 

„ stagnalis Linn. 
Planorbis carinatvs MiilL 

„ complanatus Linn. 

„ loBvis Alder. 

„ vortex Linn. 
Physa fontinalis Linn. 
Valvata cristata Miill. 

Mammalia. 

BalcBna mysticetua Linn. 
Delphinus turtto Fabr. 
Orca gladiator Gray 
Phoca vitidina Linn. 
Phoccena cramdens Owen 
Trichechiis romnarus Linn. 

(c) The Shell Marl. 

In the eastern part of the peat-land there is found a 
layer of white finable marl, full of freshwater shells, a 
foot or two below the surface of the peat. It is met with 
in the tract of country extending from Burwell Fen to 
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Stretham Mere, Burnt Fen, Soham Mere, Sedge Fen and 
Lakeaheath ', and again between LJttleport and Downham', 

as a continuous sheet but in patchea. It van 
thickneaa from about 1 to 5 ft. 

It contains abundant remains of Chara, and the 
formation of it ia to be attributed to the decay of this 
plant in shallow meres. It is well known that the ateraa 
of the common speciea of Chara are encrusted with 
carbonate of lime, and it has been noticed that they 
now grow in dense masses to the escluaion of other 
aquatic plants and when they die leave a deposit ol 
carbonate of lime at the bottom of the water. 

For the formation of this shell-marl we must conclude* 
that the water in the shallow meres was free from mud, 
and was charged with a considerable amount of carbonat* 
of lime, the water being derived from the Chalk, This 
was unfavourable to the growth of peat, though not to 
the existence of molluscs, fish, and some aquatic plants. 

The following Mollusca and Ostracoda have been 
recorded from the Shell- Marl of South Level (= L), from 
the alluvium of Soham Mere (=M), from the shell-marl 
along the railway between Littleport and Downham 
Market (= R) *, and from " an old lacustrine deposit, ( 
laid by 5 or 6 feet of marl," at Whittlesea (= W)'. 

MOLLDSCA. 

Oaateropoda. 
Bidla 1 L. 

SUhmia tentaeulata Linii. L. M. R. 
' Mem. Qeol. Sum. Explan. Sheet 51, N.E. p. 08. 
« Q. J. a. S. vol. VI. (1860), pp. 461— *53, 
3 Mem. Geol. Sarv. Explan. Sheet 51, N.E. p. 99. 
* Ibid. pp. 101—102, and Explan. Sheet 65, p. 140. 
' G. 8. Bradj, Croaakej and Eobertson, Man. Poet-TeTl, Eniorumtr, 
{PaUeonl. Soc. 1874), p. 108. 
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MoLLUscA (ccmL). 
QasteropodA (eomt.). 

Edix jnOckeOa MiilL R. 
lAmmaa awrieitlaria Linn. L.M. 

„ palMtiris MtilL M. 

„ peregra MuIL L. 
„ Sirm. R. 

„ MctffnaliM Linn. L. R. 
PalmdiMa amteeta MiHett 
Phfta foniinaliM Linn. R. 
Planorins ceuinahu MiilL M. 

„ eemipJajMtfia Linn. L.M. 

„ eomeut Linn. M. 

„ ktrit Alder R. 

„ mar^u«6rfiw Drap. R. 

„ ipirorbis Linn. L. 

„ vortex Linn. R 
Sttecmea degan$ Riaaa M. 

„ puiris Linn. L. 
Vcdvala crigUUa MiilL M. R. 

„ pucifuUis MiilL L. M. 

Lamellibranchiata. 

Fisidium amnicum MiilL L.M. 

„ nitidum Jenjns M. 

„ obtu9aU LauL (?yar. of P. pttsillum) R. 

„ pimllum GmeL R. 
Sphcerium eorneum Linn. L. M. 

Crustacea. 
Ostracoda. 

Catidcyna dtbicans Bradj W. 
„ Candida MiilL R. W. 
„ compressa Koch W. 
„ lactea Baird W. 
„ pubescens Koch R. 
Cypridopsia Newtoni B. and R. W. 
Cypris inccmgruens Ramd. R. 
„ Icevia MiilL R. W. 
„ ovum Jut. W. 
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Or r STACK* (com.). 
OHtracoda (cont.). 

Darteinelia SteeeTisoni B. and R. W. 
Herpetocyfiria {Candona) repla^ii Bftird R. W. 
Rijoiyprii (Cyjirii) gibba Ramd. R. W. 

EoouomlCB of the Fen deposits. The use of peat 
for fuel is general in the Fen districts and it is dug for 
this purpose in many places in the neighbourhood ot 
Cambridge and carried by barge and cart for miles round. 
On Burwell Fen and again at Coveney west of Ely 
the process may be observed. Long parallel trenches. 
about a yard in width and five or six yards apart are cat 
in the peat ; the upper ■weathered layer is cut away^ 
first in rough lumps called ' hods ' ; the underlying un- 
weathered portion is cut into brick-like blocks called 
'cesses' or 'turves' with a wooden ironsbod spade called 
a ' becket'.' 

The clay mixed with sand is used to make an inferior 
kind of brick. The shell-marl is dug in Sedge Fen for 
manuring the land. 

Agriculturally the Fenland forms one of the richeat 
districts in the kingdom, the water of the fens beinj 
now under the eomplete control of an artificial system o 
drainage'. 

' Mem. Genl Surv. GeoL of Fenland, pp, 135—139. 
= Miller and SkertcUy, The Fenland, pp. 562—566. 



RECENT ALLUVIUM, ETC. 

Bordering the present rivers and their tributaries are 
strips of flat marahy land of variable width composed of 
alluvial deposits of sandy loam and mud of recent origin 
and comparatively slight geological importance. 

Black peaty earth with land and freshwater shells is 
often found immediately beneath the surface soil on the 
low level land, marking the site of old marshes and 
gwamps, many of which have only been drained within 
the last century or bo. 

Blown sand derived from the weathering of the sandy 
Boulder Clay covers large tracts to the north-east of 
Newmarket around Mildenhall, and pebbles polished by 
the attrition of the grains of sand are found in that 
neighbourhood'. Rain-wash occurs here and there on the 
slopes and at the foot of the Chalk hills. 

' Warp ' and ' trail ' are terms which have been 
employed to denote the two kinds of subsoil found in 
this area. 

Beneath the vegetable mould lie the soil and subsoil, 
which are composed partly of the debris of the subjacent 
undisturbed rock and partly of material from a distance. 
The upper part of this surface covering has been called 
the ' warp,' to be distinguished from the tidal warp of the 
Fens, and the lower portion, which occurs in furrows 

■ aiem. Qiol. Sure. Explan. Sheet 51, N.E, p. 88. 
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and troughs, has been called the 'trail*/ The latter is 
devoid of organic remains and consists usually of a marly 
clay with stones and patches of gravel. It shows evidence 
of having been subjected to considerable pressure, and con- 
tains foreign material. The so-called * warp ' rests on the 
trail unconformably with signs of erosion, and is composed 
of dark grey soil. It derives its materials from the * trail* 
and from the neighbouring solid rocks, and is the result 
of the growth of vegetation and of the operation of 
subaerial agencies. It contains land-shells, some of which 
are either no longer living or are very rare in the district. 

1 Rev. O. Fisher, Q. J. G. 8. xxii. (1866), p. 562. Mem, Geol, Surv. 
Explan. Sheet 61, S.W. p. 113. 
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THE ANTIQUITY OF MAN IN THE DISTRICT. 



In this district there are "but few traces of the pre- 
sence of Paljeolithic man, though in the adjoining counties 
river-drift implements have been found in considerable 
numbers'. A few such implements have been recorded 
from the gravels of the Cam valley. Prof. Seeley' dis- 
covered a rib boDe of an elephant, marked with peculiar 
sharp cuts, in a marl bed at Barnwell associated with the 
characteristic shells of the Barnwell Terrace of river-gravel, 
but whether the cuts on this "bone were made by man or 
in some other way is a disputed point. A flint hacho, 
closely corresponding to some found at Biddenham in 
Bedfordshire in gravels of the age of the Barnwell 
Terrace, is stated to have been found in the gravel of 
the Barnwell pit and was described by Mr A. F, Grififith 
^^ 1878*. 

^B Other worked flints of Palfeolithie types have been 
^Hacked up on heaps of gravel near Cambridge*, and one 
^Hb stated to have beeu found in the Barrington gravels. 

' Sir J. Evana. Ancient Stone Implements, etc. of Great Britain, 1872, 
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H Prof. Bonney' mentions a flint flake from the gravel of 
H Midsummer Common, and a rude implement believed to 
H have come from the Observatory gravel. Thi 
H implement from the neighbourhood of Burwell, which was 
H described by Prof. Babington", is of doubtful genuineness 
H and probably is a forgery". An undoubted palfeolithic 
H implement has been found in the March gravels', and it 
H has been suggested" that the implement-bearing gravels 
' of Brandon in Suffolk are allied to those of the ancient 
river-Bystem in our county to which the March gravels 
are ascribed. 

Near Kenoet Mr A. F. Wright" found in 1886 several 
palfeolithic implements oq the surface of a field, and 
in a ballast pit near Kentford Church a number of 
implements and flakea were discovered in the upper 
layers of gravel associated with mammalian remains 
{Elephas primigeniuB, Hippopotamus , Rhinoceros, Bos, 
Cermisy. 

The scarcity of implements around Cambridge ia re- 
markable and difficult to explain, for in the neighbouring 
valleys they occur in considerable abundance'. Thus in 
the valley of the Great Ouse around Bedford, in the 
valley of the Lark near Bury St Edmunds, Icklingham and 
Mildenhall, and in the valley of the Little Ouse at Thetford 
in Norfolk, Santon Downham and Brandon the large dis- 

' Bonnej, Camb, Geol. p. SS. 

" Antiq, Comm. (Camb. Antiq, JSoc), vol. ii. p. 201. 

" Bir J. Evana, up. cit. p. 485. 

* Mem. Geol Sum. ExpUin. Sheet 65, p. 113. 
» Ibid, pp, 71, 73. 

• A. F. Wright, Nature, vol. xiiiv. (1886), p. 521, 

' Mem, Geol. Svrv. Explan. Quart. Sheet 61, N.E. p. 76. 
' Sir J. Evana, op. cit. pp. 479, 486, 494. Mem. Qeol. Surv. Explim,. 
Quart. Sheet 51, N.E. pp. 73—79. 
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coveries of Palaeolithic impleruente in the river-gravels 
are famous. In places they oacur in such numbera that 
Mr H. Prigg' declared that within the watershed of the 
Lark and Little Ouse over 6000 had been found within 
the last twenty years. Frequently they are associated 
with the fauna of the Barnwell Terrace, as, for example, 
around Bedford. 

Of the presence of Neolithic man we have abundant 
evidence, and examples of his handiwork have been found 
in considerable numbers. Sir John Evans mentions 
{op. cit.) rough-hewn celts from Wicken and Bottishara 
Fens, Burwell, and Bartlow Hills, polished greenstone 
celts from Coton, Manea, Burwell and Bottishara, stemmed 
and barbed arrow-heads from Aldreth and Burwell Fen, 
perforated hammer-heads from Reach and Newmarket, 
perforated axes from Ely and Chatteris Fon, and many 
ethers. Around Burwell implements and weapons appear 
especially common, and the same author records adzes, 
gouges, whetstones, knives, daggers, meahng stones, etc. 
in addition to those above mentioned from that locality. 
Jet ornaments have been found in Soham Fen. The 
skull of the Bos primigenius in the forehead of which 
a celt was found imbedded baa been previously mentioned 
(p. 227). We find that Neolithic man was thus con- 
temporaneous with a fauna of which many members 
have now either locally disappeared, or are no longer 
living in England, or have become everywhere extinct" 
(p. 228). 

Though no indisputable traces of lake dwellings have 

^l Proc. None. Qeol. 8oe. part vi. (IftSS), pp. 168, 16S. 
■ Bee Boyd DawkiiiB, Early Man in Britain. Skeitohly, The Fenland, 
pp. 839—354, 
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been found in CambriHgeBhire', yet in the neigbbomin 
countieB at Crowland, Wretham Mere near Thetford, an 
Barton Mere near Bury St Edmunds undoubted examplt 
have been described'. Relics of the Bronze Age' ai 
rare, but those of later times are fairly common in tb 
peat of the fena and in the superficial deposits of th 
district Such antiquities, however, do not come wil 
the scope of this work. 



WATER SUPPLY. 

The water supply from the Jurassic claya ia ooi 
paratively small and is derived from the baDds 
limestone, nodules and septaria which occur in them 
But there is some uncertainty about obtaining water from 
them, for in wells at Conington and Bluntisham a depth iA 
300 feet was reached without success, whereas at BedhiU 
a iarm west of Conington, a good spring was met with at a 
depth of 12 feet. If the Oxford Clay waa pierced we 
might reasonably expect an abundant supply of water'. 

The Lower Greensand ia the main water-bearing 
stratum of the district, and borings into it through the 



' Mem. Qeol.Sti'n>,Oeol.ofFe'>tland,ip,246;'R.'M.nriiQ, Lake DuieUingi 
of Europe (1890), p. 459. 

' Mem. Geol. Sum. Oeot. of Finland, p. 248; Sir 0. Bnabniy,, 
Q. J. O. S. vol. m. (1856), p. 35B; R. Manro, Lake Dwellingi of Ei 
p. 466. 

' Sir J. EvanB, The Ancient Bronze ImplemenU of Qreat Srita^ 
(1881); Millet and Stettchlj, The Fenland, p. 462. ^" 

* Mem. Geol. Surv. ExpUia. Quart. Sheet 51, S.W. p. 128. 



WATER SUPPLY. 



241 



overlying beds yield an excellent and constant supply. 
At the Cambridge Waterworks at Chen-y Hinton the 
following is the section of the shaft to the Gault and the 
boring. The water rises here to within a few feet of the 
surface. 



Chalk Marl 
48 feet 



Gflult 



Soil and light-coloured marl 

Darker clunch ... 

Light-coloured clunch or mar! 

Greyish chalk ... 

.Blue clunch with nodule bod at bottom 



i Brown clajey Kand, with ferruginous phos- 
phate nodules at bottom, and a hard rock 
below ... ... ... ... ... ... B 
Soft brown sand with water 1 

In the town of Cambridge the well-borings have 

iched the Greenaand at depths from the surface of 

—200 feet. It is what is called ' hard' water, contain- 

j carbonate and sulphate of lime, the solid contents of 

e gallon varying from 14 to 20 grains^ 

The so-called "fossil springs" from the Cambridge 

QreenBand where the Gault is overlaid by the Chalk Marl 

are not of much importance (see p. 125). 

The Chalk is a most valuable water-bearing formation, 
and the Eur we II Eock especially throws out strong 
springs (see pp. 128, 129), 

The line of saturation on the Chalk hills rises to a 
considerable height, so that at Heath Farm, Shelford, 
156 feet above Ordnance datum, the water stands only 
96 feet below the surface, and at Stapleford Windmill, 
120 feet above Ordnance datum, it stands 53 feet from 
' Preatwioh. The Water-bearing Strata of London (1851), p. 1^ ^ 
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the surface. Under the highest part of the Gog Magi^ 
Hilla the water-level dipa down, probably on account of 

the line of saturation being lowered by the synclinal in 
the strata and by the springs which are thrown out by 
the Burwell Rock where the trough comes to the surface 
of the ground'. 

For local details and well-sections the Geological 
Survey Memoirs must be consulted. 

The Boulder Clay is sometimes slightly permeable, 
and wells sunk into it fill slowly with aoakage water'. 

The gravels furnish an abundant supply of water 
where they rest on clay. But the amount of water in 
the wells is liable to be affected by drought, and it is 
frequently polluted by sewage or other causes. 

The thermal springs' near Chatteris were originally ■ 
believed to owe their temperature (66" F.— Ti" F.) ■ 
deep-seated agencies and to well up along a line of f 
but doubt has been thrown upon this explanation. 



wells in which this ' 



water is found 




shallow and do not descend to a greater depth thaal 
10 — 14 feet, only penetrating the fenland deposits aiM 
gravel. It has been suggested that some local chemica 
decomposition may produce the heat, 

' Mem. Geol. Sum. Explan. Quart. Sheet 61, 8.^ 

' Ibid. p. laO. 

' Mem. Geol. Sura. Geol of Fenhaid, p. 343; Bay. O. Fisher, 0«( 
Mag. vol. viu. (1871). p- 42; F. W. Harmer, Rep. Brit. Aiioc. Tnmi. i 
S«lion» (1871), p. 74; Qeol. Mag. vol. Tin. (1871), p. UH. 
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A LIST of works on the geology of Cambridgeshire was given by 
Mr W. Whitaker in 1873 to Prof. Hughes, and was published by 
him for the use of geological students. It was afterwards, in 1881, 
printed with additions as an Appendix to the Survey Memoir on 
The Geology of the Neighbourhood of Camhridge (Explanation of 
Quarter Sheet 61 S.W. with part of 51 N.W.). 



PUBLICATIONS OF THE GEOLOGICAL SURVEY. 

MAPS. (One inch.) 

1864. Sheet 52 N.E. (small part). By H. H. Howell. 

1864. Sheet 52 S.E. (part). 

1869. Sheet 46 N.E. (small part). By W. Whitaker and F. J. 
Bennett. 

1872. Sheet 64 (part). By Prof J. W. Judd. 

1881. Sheet 47 (part). By W. H. Penning. 

188L Sheet 51 S.W. By W. H. Penning and A. J. Jukes Browne. 

1881. Sheet 51 S.W. Drift edition. 

1882. Sheet 51 S.E. By F. J. Bennett and J. H. Blake. 

1882. Sheet 51 S.E. Drift edition. 

1882. Sheet 51 N.W. By W. H. Penning, A. J. Jukes Browne, 
and others. 

1882. Sheet 51 N.W. Drift edition. 

1883. Sheet 51 N.E. By S. J. B. Skertchly, F. J. Bennett, and 

others. 
1883. Sheet 51 N.E. Drift edition. 

\ 
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1881 Sheet 47. Drift edition. By W. Whitaker, W. H. Pto- 
ning, and others. 

1886. Sheet 65. Drift edition. By W. Whitaker, H. B. Wood- 
ward, S. B. J. Skertchly, F. J. Bennett, A. J. Jukes 
Browne, and others. 

INDEX MAPS. (Four miles to the inch.) 

1892. Sheet 12 (includes the southern part of Cambridgeshire), 

1897. Sheet 9 (includes town of Cambridge and northern part d 
the coimty), 

HORIZONTAL SECTIONS. 
1882. No. 126. 

MEMOIRS. 

1856. Decade v. (Plate 5, Fossils from the Cambridge Chalk). 
By Prof. E. Forbes and J. W. Salter. 

1866. Decade xii. (Plates 9 and 10). Fish from the Kimeridge 
Clay, Cottenham. By Prof. T. H. Huxley. 

1872. The Geology of the London Basin. Part i. The Chalk 
and Eocene Beds of the Southern and Western Tracts 
(p. 45). By W. Whittaker. 

1875. The Geology of Rutland and the Parts... of Cambridge 
included in Sheet 64. By J. W. Judd. 

1877. The Geology of the Fenland. By S. B. J. Skertchly. 

1878. The Geology of the N.W. part of Essex and the N.E. part of 

Herts with parts of Cambridgeshire and Suffolk (Ex- 
planation of Sheet 47). By W. H. Penning, W. H. Dalton, 
and F. J. Bennett. 

1878. A Catalogue of the Cretaceous Fossils in the Museum of 
Practical Geology. 

1878. Monograph iv. The Chimseroid Fishes of the British 
Cretaceous Rocks. By E. T. Newton. 

1881, The Geology of the Neighbourhood of Cambridge (Explana- 
tion of Quarter Sheet 51 S.W. with part of 51 N.W.). By 
W. H. Penning and A. J. Jukes Browne. 
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The Geology of the Country between and south of Bury 
St Edmnnda and Newmarket (Explanation of Quarter 
Sheet 51 S.E.). By F. J, Eennett and J. H. Blake, edited 
by W. Whitaker. 

The Geology of London, VoL I. (p. 46). By W. Whitaker. 

The Geology of Parte of Cambridgeshire and Suffolk (Ely, 
Hildenhall, and Thetford) (Explanation of Quarter Sheet 
51 N.E. with part of 51 N.W.). By W. Whitaker (ethtor), 
H. B. Woodward, F. J. Bennett, S. B. J. SkBrtcUy, and 
A. J. Jukea Browne. 

The Geolt^ of South-Westem Norfolk and of Northern 
Cambridgeshire (Explanation of Sheet 65). By W, Whita- 
ker (editor), S. B. J. Skertchly, and A. J. Jukes Browne. 

The Jurassic Rocks of Britain. Vol. v. The Middle and 
Upper Oolitic Rocks of Eitgland. By H. B, Woodward. 



BOOKS, PAPERS, ETC. 

A. Lbith. 1879. Monograph on the British Fossii 
Elephants (Cambridgeshire, p. 120). PaltEOntagrapL Soa. 
IjroN. 1819. Organic Remains (Antlers, Brink). Qaari. Joum. 
of Lit. ScL and Art), vol. vli., p. 192. 

1836. A Notice of the Occurrence of certain Bodies in the 
Qreensand at Cambridge, that are similar to those found in 
the Gault at Polkeatone...and some Information on the Qreen- 
sand and contiguous Strata at Cambridge. Mag. Nat. EiM., 
ToL rx.,p, 264. 

1862. Turtle Remains in the Upper Greensand. Oeologiii, 
vol v., p. 73. 

1872. Excursion to Cambridge, Proc. Geol. Assoc., vol. ir., 
No. G, p. 219. 
Babrett, L. 1859. Geological Map of the Neighbourhood of 
Cambridge. (Drawn and coloiu«d on the Ordnance Sheet 
51 8.W.) 
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Babrou, Dr C. 1876. Recherches aur 1e Terrain CrStaa6 anp 

rieur do TAngleterre et de I'lrlande. i/em. Son. Oeol. Ifor 

pp. 234. Abstract ia Ann. Sac. Oeol. Nord, t IIL, p. 189. 
Bavne, A- D. 1872. Royal Illustrated History of East^m Englan 

including a Survey of the Elastem Counties, Pliysieal Featun 

Geology, etc. of Cambridgeshire, etc Vol. I., 8vo., YMinouth. 
Bbll, &- 1872. Unio limomu, Nilsson, in the Crag [? GraveT 

Oeol. Mag., vol. ix., p. 431. 
Bell, Prof. 1863. A Monograph of the Fossil Malaooatra 

Crustacoa of Great Britain. Part rr. Crustacea of the G&nl 

and OrecQsand (Cambridge, pp. 4 etc.). Palaontograp/i. Soe. 
BiDWELL, C, 1874. Coprolites. Tram. Inttit. 5!trB.,voLTL,p. 21 
Blake, Rev. J. F. (and W. H. Hudlebton). 1877. On t 

Corallian Hocks of England. Quart. Joum. Oeol. Soc, v 

xxxnL, p. 260. 

187a The Coral Rjig of Upware. Oeol. Mag., dec. 

vol v., p. 90. 

1881. Od the Correction of the Upper Juraaaio Bo<dce q 

England with those of the Continent. Part i. Quart. Jovm 

Oeol. Soc, voL SI3VII., p. 497. 
Bonnet, Prof. T. G. 1872. Notes on the Roalyn Hill Clay PH 

Oeol. Mag., vol. ii., p. 403 j Ditto, Proc. Camb. PkU. i 

Part XIII., pp. 268, 269. 

1873. On the Upper Greenaand or Chloritie Marl i 

Cambridgeshire. Proc. Oeol. Aseoc, vol. iii., no. 1, p, 1. 
1875. Cambridgeshire Geology. 8vo., Cambridge. 
1877. Corallian of Upware. Oeol. Mag., dec. ii., vol. I?, 

p. 476. 
Bhadt, H. B. (and Dr W. B. Carpenter). 1870. Desoriptim 

of Parieria and Loftusia, two gigantic types of Arenaceon 

Foramiaifera. Phil. Trant., vol. cltx. (part 2), p. 721. 
Bhadt, G. S., Rev. H. W. CaoassBT, and D. Eobebtson. 1874. 

Monograph of the Post-tertiary Entomoatraca of Seotlai 

including Species from England and Ireland (Whittleaea, p. 108] 

Paiceontograph. Soc. 
BBoriB, Rsv. P. 1844. Notice on the Occurrence of Land am 

Freshwater Shells with Bonos of some extinct J 
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OrKval near Cambridge. With notee by the Rev. Prof. 
Sedgwick. Tran». Camb. PhU. Soc., vol. VUL, p. 1, p. 138. 

1872. On Fhosphatic and Bouebcd deposits in British 
Strata, their economic uses and fossil contents. SSlh Ann. 
Rsp. WariDidc Nat. Hitt. and Archmol. Soe., p. 53. 
Bryiinski, M. (and G, Lioknkt). 1878. Phosphates de Chaua 

Ifosailes, Q^ologie et Origine, Applications an Agriculture. 
Bidl. Soe. (?eM, Norm., t. iv., p. 3 ; Phogphorites dit Cambridge, 
pp. 92—97. 
HPENTEB, Dr W. B. (and H. B. Brady). 1870. Description of 
Parieria and Lojhma, two gigantic types of Arenaceous 
Foramioifera. PkU. TVctng., vol clix. (part 2), p. 7S1. 
RTER, Dr J. 1846. On the Occurrence of a new apeciee of 
Ichthyosaurus in the Chalk (Cambridgo) (British Assoc.). 
LoTidon Oeol. Jowm,, p. 7. 
1874. On a Skull of Bos primigenius perforated by a Stone 
Celt Oeol. Mag., dec. ii., vol. L, p. 492. 
1886. On the Decapod Cniataceans of the Oiford Clay. 
Quart. Joum. Oeol. Soc., vol si.li., p. 542. 
1889. On Fossil Isopodtj, with a description of a new 
Species. Oeol. Mag., dec. iii., vol. vi., p. 193. 
Caktub, H. J. 1876. On the Poh/tremaia (note oi 
AfiTU Mag. Nat. Hist, ser. 4, vol. svii., p. 208. 

1877. On tlie close relationship of Si/t^actin 
and StromatopoTa. Ann. Mag. Nat. EM., i 
p. G6. 

On two New Genera alUed to Loftui 
Karakoram Pass aiid the Cambridge Greensand respectively, 
i. Mag. Nat. Hiat., ser. 6, vol. i., p. 172. 
\x, GBENVir.i,E A. J. 1895. Open-Air Studies. London (The 
IS, pp. 121—124). 

■CK, T. (and N. Walker). 1849. The History of Wiabech 
1 the Fens. Chap. I., " Physical Characteristics." Ap- 
pendix, "Sketch of the Geolcgy of the Fona," by H. M. Leb, 
pp. 541—3. 8vo., Wisbech. 

, T. (and Prof. J. Morris). 1847. Description of some 
species of Brachiopoda (Cambridge, p. 254). Ann. Mag. Nat. 
3Ut., vol. XX., p. 250. 
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1852. A Monograph of British Cretaceous Braduopodi 
(Carabridge, p, 42). PalceaTitograph. Sob. 
1869. Notea on Continental Geology and PalsBontologJ 
[Remarks on the Cambridge Groensand, with a letter frOB 
J. F. Walker]. Oeol. Mag., vol, vi., p. 269. 
1374. A Monograph of the British Fossil Brachiopods 
Vol IV., part 1. Supplement to the... Cretaceous Specid 
(Cambridgeshire, p. 27, eto.), Pal<sontograpk. Soc. 
1884. Appendix to the Supplements of the Monograph oi 
the BritiHh Fossil Brachiopodn. Vol, v. (Carabridgeahirq 
pp. 244, 247, etc.). PaUBontograph, Soc. 
DAVIB8, W., and C. B. Robe. 1864. [Lettora] on 
of Cycloid Fish-Scalea, etc.. ..in the Oolitic Formation, 
Mag., vol. I., p. 92. 
D4VI8, Prof. W. M. 1895. The Development of certain Engliali 

Rivers. Qeograplt. Jouni., voL V., p. 127. 
Dennib, Rev. J. E. P. 1861. On the Mode of Flight o 
Ptcrodftotylea of the Coprolite Bed near Cambridge. 
Brit. Assoc, for 1860 ; Trant. of Sections, p. 76. 
DuHCAN, Prof. P. M. 1868. First Report on the British Foaai 
Corals (Cambridge, p. 96), Ksp. Brit. Assoc, for 1868, p. 75. 

1869. A Monograph of the British Fossil Corals. 
Series (Cretaceous) (Cambridge, pp. 19, 20). PalteoTitograpli 
Soo. 
FiSHEH, M. 1820. Note on the Oocurrenoe of the Bones { 

Beaver, etc., near Ely. Zaoloffiit, voL I., p. 348. 

FisHBR, Rev, 0. 1866. On fae Warp (of Mr Trimmer), its agq 

and probable coDnection with the last Geological Events 

Quart. Journ. Qeol. Soc, vol. xsii,, p. 553. 

1867. On Boslyn or Boswell Hill Clay-pit, near Elj 
Proe. Camb. Phil. Soc, part iv,, p. 51. 

186a Ditto. Oeol. Mag., vol. v., pp. 407, ■ 
1871. On supposed Thermal Springs in Cambridgeship 
[Letter], Oeol. Mag., vol. vm., p. 42. 

1871. On Phenomena connected with Denudation, obaerve* 
in the so-called Coprolite Pits near Haalingfield, Cambridgeshira 
Qeol. Mag., voL VIil., p. 65, and Proc. Camb. PAH. Soc. 
part XII., pp. 195, 196, 
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I 1873. On the Pbosphatic Nodulos of the Cretaceoua Bock 

' of Cambvidgeshiro. Qvarl. Jotim. Geol. Soc, vol. xxis., p. 53. 

1879. On a MammaliferouH Dapoait at Barrington near 

Ciimhridge. Quart. Jowm. Geol. Soc., vol, xixv., p. 670. 

FiTTON, Dr W. H. 1836. Observationa on some of the Strata 

between the Chalk and the Oxford Oolite in the South-east of 

f England. Tram. Oeol. Soc, ser. 2, vol, iv., p. 100. Abstract 

under different title, Proc. Oeol. Soc., vol i., p. 26 (1827). 
PoKDEAM, H, G. 1874. Notes on the Structure somotimea de- 
veloped in Chalk. QwirC, Joum. Oeol. Sob., vol. Iix,, p. 43. 
Gardner, J. S. 1877. On British Cretaceous Patellidae and 
other Families of Patelloid Gasteropoda. Quart. Jovm. Geol. 
Soc, vol. xsxin., p. 19S (Cambridge, pp. 201, 202). 

1878. On the Cretaceous Denlaliidae. Quart. Joum. Geol. 
Soc., vol. ixsiv., p. 66. 

1884. British Cretaceous Nuculidae. Quart. Joum. Geol. 
Son., voL XL., p. 120. 

1886. On Fossil Flowering or Phanerogamous Plants. Oeol. 
Mag., dec. iii,, vol. 3, p. 495. 
Gbikib, Prof. James. 1894. The Great Ice Age. 3rd edition, 

pp. 342—352. 
Griffith, A. F. 1878. On a Flint Implement ftxim the Barnwell 

Gravel. Oeol. Mag., dec. ii., vol. v., p. 400. 
Hatlbtomb, Eev. Prof. J. 1815. Supplementary Communication 
on Cambridge (GeoL Soc.). An-n. of Phil, vol. v., p. 390. 

1816. OutUnes of the Geologj of Cambridgeshire. Trana. 
Geol. Soc, vol. iii., p. 243. 
Haimb, J. and Prof A. Milse Edwards. 1850. A Monograph of 
the British Fossil Corals. Part i. (Cambridge, pp. 63, etc.). 
Pcdceontograph Soc. 
Hamilton, W. J. 1850. On the Occurrence of a Freshwater Bed 
of Marl in the Fens of Cambridgeshire. Quart. Joum. Geol. 
Soc., voL VI., p. 461. 
Hark£r, a. 1894. Norwegian Rocks in the English Boulder 

Clays. Geol. Mag., dec. iv., voL I., p. 334. 
Harmer, F. W. 1871. On some Thermal Springs in the Fens of 

1 



Cambridgosliire. flgj. Brii. Auoe. for 1870, TVaiu. of Sectuna, 

p. 74. 

1871. The supposed Thormul Springs in Catnbridgeshin 

[Letter]. Oeol. Mag., vol. vni., p. 143. 
Harrison, W. J. 1882. Geology of the Countiee of England aid 

of North and South Walea, pp. 20—28. London. 
Henslow, Rev. Prof. 1846. On Nodulea, apparently Coprolitic, 

from the Red Crag, London Clay, and Greensand. Rep. Brit. 

Auoc for 1845, Trana. of Sectioja, p. 51. 
Hul, W, 1886. On the Boda between the Upper and Lomt 

Chalk of Dover and their comparison with the Middle Chalk of 

Cambridgeshire. Qaart. Jimm. Qeol. Soc., voL XL 
Hill, W. (and A- J. J dees- Browne). 1886. The Melbourn Eock 

and the Zone of Jielemattdla plena {rom Cambridge to tilt 

Chiltem Hills. Quart. Jov.m. Geol. iSoa, vol. SUI., p. 216. 
1887. On the Lower Part of the Upper Cretaceous SeriM 

in West Suffolk and Norfolk. Quart. Joum. Oeol. Soc, 

vol. XLIir., p. 644 

1895. Oh the Occurrence of Radiolaria in Chalk. Quart. 

Joiim. Geol. Soc, vol. Li., p. 600. 
HOWOBTH, Sir Henry. 1887. The Mammoth and the Flood. 

p. 110. 8vo. London. 

1892. The Mammoth and the Glacial Drift. Oeol Mag., 

1895. The Chalky Clay of the Fenland and ita t 
ita Constitution, Origin, Diatributioo and Age. Q. J. Q. & 
vol. LI., p. 504. 

1896. The Destruction of the Chalk of Eastern ] 
Oeol. Mag., dec. iv., voL ni., p. 58. 

The Dislocation of the Chalk of Eastern England, 
p. 298. 

The Chalky and other Poat Tertiary Clays of 1 
England. Iliid., p. 449. 

The Middle SoTida and Glacial Gravels of Eastern E 
Ibid., p. 533. 

1897. On the Erratic Boulders in the Drift of I 
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MGHES, Prof. T. McKennt. 1883. On aome Fossils supposed 
to have been found in the PleiHtocene Oravek of Barawell, 
near Cambridge. Oeol. Mag., dec ii., vol. x., p. 454. 

1884. Report of an exuuraioa of the QeologiatH' Assooiation 
to Cambridge, June 2 and 3, 1884. Proc. Oeol. Aieoc., vol. tul, 
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Origin of flinta, 119 | 


KwUthic man. advent of, 190 


Origin of Cambridge vallev, 159 


celt in akuU of Boi, 227, 239 


OrweU, 80 


implenieots, 239 


Cambridge Gceensand at, 123. 


New Yolo Farm. 195 


Chalk Marl at, 124, 126, 2M 




Onse, the river, 4, 6, 6 


Zone of Holatter tubglobovu 


former course of, 7, 219, 22* 


near, 133 


valley of the, 158 

gravels of the vallej' of the, 911 


Thickness ofLowerChalkBt, 137 


Zone of Rhytich. Ciivieri, 140 


Ouael, the river, 6 


Newnliam, 215 




Newnham HaU, 155 


133 


Newport, 6 


Over. Amptbill Clay at, 24, 25 


Loams near. 193 


Anoient Eiver Gravela at, M 




boandary of fenland at, 221 


at, 133, 131 


Overlap of Gault, 49, 76 


Nine Wells, 128 


Oxford Clay, 9 






pha^c nodules 




Nodule bedB in Gaalt, 79 


palaontology, 12 


Nodule bed of Cambridge Green- 




sand, 96 


Palaiolithio implemeata, 237 


at Litlington, 133 


Palfoozoio barrier, 19 


at SwafOiain Bulbeok, 133 




Nodules in Melbouni Book, 138 


CuDieri at, 140 


Noriolk, thickness of Lower Oreen- 


Ancient Eiver Gravels at, 19t 


fiand in S.W., 49 


Barnwell Gravel near, 207 


Norfolk Gault, character of, 78 


Hall. Zone of Ter. gracilU ■! 


North HaU, 193 


142 ~ 


North Quarry, Upware, foasilB 


Papworth, Aiiipthil! Clay near. 96 


from, 38 


Boulder Clay at. 158 


Norwegian boulders, 104 


Parker's Piece, Barnwell Terrae 
oa. 208 
Intermediate Terrace on, 21&> 


Oftkington, 25 


Eimeridge Gla? at, 40 


Peat, characters of the, 321 


Lower Greenaand near, 62 


thickness of the, 224 


Anoient Eiver Gravels at. 197, 


divisions of the, 221, 231 


209 


of the Fenland, 223 


Obseqnent rivers. 4, 5, 6 


Pebbles 


Obseiratory, Chalk Marl at, 125 


in Lower Greenaand, 56, 63 


giavelfl near, 196, 197 


of mgh Level Gravels, 182 




of gravels of Anoient Eivi 


Old Croft riyer, 7. 222 


system, 193 


Old course of the Ouse, 219, 222 


Peneplain, 6 


Old North Road Station, 156 




Old pre-glaoial clianneU, 156 


101 


Old valleys, 161 


Peterborough, 9 


Old Welnej River, 219, 222 


Phosphatic nodules in 




Ampthill Clay, 24 


at Upwsie, 31 


Kimeridge Clay, S9, 11 






' Greenssjid, 102 


62. 63, 73 



FhoBpbBtic nodnlos in (cont.) 

Ganlt, 78 

Cambridge GreenBiiad, 95, 100 

BuTVPell Roek, 127 

High Level Gravels, 1S3 
PhosphRtisatioD, 74 
Pidley, 184 

Pisolitio limestone at Dpware, 31 
Plain of 

Gaalt, 79 

JnraBsio Clays, 2 
PloDta of ibe pent, 223 
Fleistoceae deposits, 153 
Portland beds 

absence of, 9 

in Bucks, Lower Greensand 
resting on, 48 
Post-glacial denudation, 7 

Deposits, 187 

eajtti-movemants, 187 — 190 
Potton, Lower GreenBa,nd at, 51, S3 
Fre-glaoial determination of drain- 
age lines. 6 

origin of Cambridge vaJIey, 1S9, 
161 
Present river-system, gravels of, 

302 
Porbeck beds 

absence of, 9 

in BnckB, Lower Greensand 
resting on, 48 
Pya Moor, 158 
^ritea in 

Oxfbrd Clay, 10 

Amptbm Clay, 24 

Ganlt, 79 



Qnartz, pebbles of, S6, 85 
QnartKite pebbles, 56, 73, 103 
Quartz sand in Burwell Hock, 13T 
Quendou, 4 

pce-glocial valley at, 161, 193 
y-cnm-Stow, CtaOk Marl at, 124 
Anoieat Giver Gravels near, 
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Recent Allurinm, 23S 
Bed Chalk, 83 

Clay of deep sea, 86 

Gttolt Marl, 78, 87 
BedlDJid HiU, 194 
Reed, Chalk Rock at, 145, 146 

Upper Chalk at, 151 
Regions depending on geologica 
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Rhee, tbe river, 4 

valley of the, 158, 205 
River Gravels, 187 
Rivers of Cambridgeshire, 4 
Rock-beds in the CbaUc, 93 
RoBlyn HiU 

Clay pit, Eimeridge Clay in, 41 
Erratic at, 176 
gravel near, 219 
Roydon, 77 

Boyston, scenery near, 1 
Chalk Marl near, 125 
Zone of Hoi, aubgloboias near, 
133 
Bel. pUna near, 133, 187 
Ehynck. Ciivieri near, 140 
Ter. grucilis near, 142 
Upper Chalk near, 151 
Rugg stones, 79 

Safiron Walden, Boulder Clay 

near, 158, 161 
St Giles' Cemetery, 197 
St Ives, Oifotd Clay at, 11 

Ampthill Clay at, 25 

Boolder Clay at, 158 

gravels at, 219 
St Ives Bock, 11, 16 
St Neots, Oxford Clay at, 11 

Rook, 11 
Sandgate beds, 73 
Sandringham, 60 
Sandy, scenery near, 2, 51 

Oxford Clay at, 10 

Lower Greenland at, 49, 51, 
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Rain -wash, 235 

Beaoh, Ganlt near, 77 
Chalk Mari at, 124 
Neolitbia implements : 



Scenery of the Peniand, 223 
Scotch bonlders, 104 
Scratches on sanrian bone, 43 
Serobioalaria Clay, 229 
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S«dge Fen. 282 


SpringB from 


tteUniU in 


liase ot Chalk Marl. 126, 34^ 


Oiford Clar. 10 


BurweU Book, 128, 242 


AmptbiU Clay, 21 


thermaJ, 242 


Kimeridga Clay, 39 


Stannioor HaU. Zona of Bhme9 


SeptarU in 


Cuvieri at, 140 


Osford Claj, 10 


Ancient graveU at, 194 


Eimeddge Clar, 3'J 




Sbimklm SandH, 13 


SteeptQ Hill, pit at, 137 


Shudelov'B WeU, 128 


Stclohnorth, Chalk Rock at, 146 


Sharpen'B Farm, 193 


Upper Chalk at, 161 


ahefford, 51 


Stoke, the river, 6 


ahelford, 5 


Stoke Ferry, Gault at. 76, 77, 80 


Chalk Uarl at, 124 


Chalk Marl at, 133 


BnrweU Kook at. 128 


BorweU Bock at, 127 




Stooea, 158 


B<1. plena, 136, 137 








Lowest Terrace at, 216 


18 


Heath Pann, water at. 2-11 


Stretham, Lower Greenaand ridga 


Shell Marl of Fenland, 231 


near, 52 


Bhepreth, Chalk Marl at, 125 


Stretham Mere, 232 


BnrweU Book at, 128 


Strike of Lower GreeoBBad, 49 


Silicate of iron, 85 


Submergenoe in Glacial Period* 


SUioified vrood, 64 


163, 166. 166 


apongea, 144 




Silt of fenlaod, 222 


Sueoession of foreata in peat, 326 


SUtiJlg up ot the Wash, 3 


Surrey, Lower Greenaand of, 73 


Six Mile Bottom. 195 


Sutton, 12 


Sliokensidea in Koalyn Pit, ISO 


Boulder Clay at, 158 


Snailwell, 200 


SwaBham, 6 


aoham, Gault at, 77. 80 


Sn'affhaDi Bulbeck, Chalk Marl at. 




124 


98 


nodule bed at, 133, 136 


Chalk Marl near. 123 


fcnland near, 221 


Mere, fenlaad of. 221 


Swafthani Prior. BurweO Rock at,. 


Shell Marl of. 232 


129 






239 


Swaveaey, St Ivea Bock at, 18 


Bomersliam, Ampthill Clay near. 


Aooient Biver GraveU at. 197 


25 


gravels of the Ouaa at, 319 


Ancient Biver Gravel at, i;iT 


Synclinal, supposed to exist at 


gravel north of, 219 


Upware, 31 


Sonroe of phosphate, 103 


at BnrweU, 138 


South Level, 232 


beneath Gog Magog HiUa, 139. 


South Quarry, Upware, foaailB 


241 


from, 34 




Speeton, 73 


Tetworth Clay, 23 




Teveraham. 6 


'^ 88 


Chalk Marl at, 124 


Spongea as nodules, 101 


TharEeld, height of eacarpmanf 


eUioified, 144 
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Dhafk at, 161 


Upware (cont.) 

CotaUian beds, 29-^8 


■ Clay at, 168, 159, 172 


Lower Oreensand at. 48, 49, 


evel Loam at. 182 


50, 62 


( formation of Boulder 


Gaolt neaj, 80 


■, 161—176 


Lowest Terrace near, 218 


pringa, 242 


Upwell, 222 


,'238 


Vale ot Clvi-jd drift, 198 


of 


Valley of Ehee-Cam-Ouae rivei, 4 


1 Back, 127 




r Claj, ISe 


the, 62 


If 


Vicar's Brook, 215 


76 


ViclBria Eoad, 208 


□Lalk, 137 


Tiyianite in clay, 230 


, Gault ftt, 76 


Vraoonuian fosaQB in Cambridge 


Stone, 93, 127, 128 


Greenaand, 106 


Btanton, 85 






Wadley Hall, 195 


ion of Lower Greenaand 




older beda, 48 




,tion of erratiofl, 104. 


in.. 146, 14G 


170, 171 


Ancient Biver GravelB in, 198 


IB peal, 223 


stream from, 205 


1 o£ tha Quae, gravels of 


Warminster foaaila in Cambridge 


220 






Warp of the Fens, 229, 230 


liege, gardens of, 215 


Warp, recent, 235 


one of Shynch. Cuvier, 


Wash, the, 3 


140 


size of ancient, 199 


Ki-ver Gravela near, 193 


predecessor of tbe, 222 


on, Barnwell Gravfl 


Water-bearing stratum, BarweU 


■, 207 


Boek as a, 129, 242 


diate Torraco nenr, 214, 


Water, in Lower Greenaand, 63, 240 




Supply, 240 




Waterbeooh, 4, 5 


litj between Lowe) 


Gault neaj-, 80 


maand and Oxford Clay. 


Intermediate Terrace ueat, 219 


18,55 


Lowest Terrace near, 218 


1 Gault and Cambridge 


fenland near, 221 


aiBand, 99 


Weatiiering of Catstone, 83 


1 HaU, 1*6 






Welney, 222 


itft with B. Lin, 5, 217 


Wenden. 5 


a with R. 0am, 4, 215, 


loams near, 193 




Wendy, 79 


lit. absence of, 75, 98 


Wentworth, 158 


ansand, 87 


West Dareham, Gault and Lower 




Greensond at, 49, 77, 79 


Ik,' 149 


Weatley Waterless. Zone of Hoi. 


ilier, 3 


pla,iu» at, 144 


of tenland at. 7 


Chalk Bock at. 146 ^^^^^M 
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Westley WaterlesH (cnnt.) 
Upper Chalk at, 151 
Boulder Clay near, ISl 
Tallejs near, 200 
Weston ColviUe, 195 
Weat Wratting, Upper Chalk £ 
161 
Bouldet Clsj near, 169 
Whaddon, 7» 
Wheatley, Oion, 29 
Whittlesea, Anaient gravel at, 190 

lacustrine deposit at. 232 
WhittleBford, S 

Zone of Rhynch. Cuvieri near, 

140 
Ancient Biver GraveU eto. near, 

193, 193, 19i 
Lowest Terrace at, 216 
Wicken, Lower Greensand at, 49, 
SI 
Oaolt Dear, 80 
Chalk Marl at, 123 
Pen, 231 

Neolithic implements in, 239 
WUbr^am Pen, Chalk Marl of, 
124 
Biver, souice of, 128 
Ancient Biver Oiavels near, 196 
OraveU near Fulbonra and, 218 
Wilbarton, Lower Greensand ridge 
near. 52 

1, Ampthill Claj at, 2-5 



Wimblington, 198 
Wimpole, Oault a 

Chalk Marl at, 124 
Winds, prevalent, 226 
Wisbech, 322 
Woturn, 49, fil 

Fuller'B Earth at, ■ 
Worlington, 220 
Worsted Lodge, 142 

Street, 183 
Wretham Mere, 240 

YorkBhIre, Lower Calcaieona d 



Jmmonitei cordatut, 11 

injlauu, 75 

lavtui, TS 

omatai, 11 

variant, 122 
BelenmiUlla plena, 186 
Hetemceras rwurianmn, 14J 
Solatler phmia, 144 

svbglobome, 8S, 187 
Inoceramaa labiatiu, 188 
MicraiUr eor-legtadinarimii, 
Rhynehanella Cuvieri, 138 
Terebrat-ulina gTacilit, 142 ' 
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Woods, M.A., F.G.S. With Eluatrations. Crown Bvo, 
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Q the study of paleeontolog; Mr Woode'i 

p Elements of Botany. By F. Darwin, M.A., RR.S. Second 
Edition, Crown Svo. With numeraua lUustrationa. 4», H 
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Journal of Education. We are very pleased with this little book, whjilh 
teaches witbouC being didactic ; and leads as into the larioaa pheDomeiia of 
plant life with an easy gait, qnite free from the halting jolt of the HTcrsgs 
text-book on vegetable morphology and physiology. The style is poinleo. 
indeed almost abrupt ; but still very clear and concise. The deaoription of 
the various esamples of phyaiologioal fanotions amongst plants is distiaollj 
good, and Mr Darwin's method of teaching the moat fundamental fnnctiaiu 
or plant life from simple experiments with easily get-at-able BpecimenB u 
thoroaghly soiontifio. It ia a noteworthy addition to onr botanical littratnm. 

Practical Physiology of Plants. By F. Dahwin, M.A., 
F.B.8., Fellow of Christ's College, Cambridge, and Reader 
in Botany in the University, and E. H. Acton, M.A., lata 
Fellow and Lecturer of St John's College, Cambridge. WiS 
Illustrations. Second Edition. Crown 8vo. 4s. 6rf. 

NalvTt. A volnme of this kind was very much needed, and it ia 
matter for congratalatioa that the work has fallen into the most aompetu 
hands. There waa nothing of the kind in English before, and the book wi 

be of the greatest service to both teachers and etude uts The thorangU 

praotioal character of Messrs Darwin and Acton's book seems to ua a g 
merit ; every word in it is of direct nse to the experimental worker oui 

him alone. The authors are much to be congratutated on their w 

nliich fills a serious gap in the botanical hterature of this country. 

Zoogeography. By F. E. Beddard, M.A., P,R,S. 'Y 

Maps. 6s. 

Daily Chronicle, Althoogh inolnded in the series of Cambridge Nfttm 
Soienoe Manuals, and therefore designed chiefly for studeata of biolac 
Mr Beddard deals with his unbiect in a clear and graphic way that shm 
eommend hie book to the Beiiera\ leaiet inteteW**. \ii 'Oofc opeftttno. " 
~ . while never lacking dignUj, 6.voia.a fca ivintss, ■^'oifas. ■«» t 
•mpaaiea that vixtne. 
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Practical Morbid Anatomy. By H. D. Bollebton, M.D., 
F.R.C.P,, Fellow of St John's College, Cambridge, AsBiatanfe i 
Physician and Lecturer on Pathology, St George's Hnspital, 
LoDdon, and A, A, Kaot-iiack, M.D., M.R.O.P., Lecturer I 
on Pathology, St BartholoQiew'a Hospital, London. Crown. 

Brilish Medical Joamal. The editor of the "Cambridge Natural Science 
"umalB" hae been fortunate not onl^ in the selection of the aboveuamed 

fjjbject bat aleo in aecnring as anthors Drs RoIIaaton and Kanthaok. 

'oiB manual can in every sense be mast highly reoonimended, and it should 

■ ''ipply what has hitherto been a real vant. 

■ ,, t,aiKet. This small and beautifully printed volume is one of the 

■ .'""'a^eal series of the Cambridge Natural Bcienae Manuals, and iB 
I "■'ended to serve aa a handbook to the post-mortem room, and it does 
|r ?I^Uiost completely If poBt-mortem examinations were carried out in the 

^"foURh and oi^rly manner laid down in this handbook this experienoe 
^'^OXi be of the utmost service to the student in his after career, whether as 
Pf ectitioner or teacher. 

PHYSICAL SERIES. i 

Mechanics and Hydrostatics. An Elementary Test-book, j 
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With lUuatrationa. Crown 8vo. 8s. 6rf. 
in separate parts. 
Part I. Dynamics. 4s. Tart II. Statics 3s. 

Part III. Hydrostatics. 3b, 
.Educational Times. Mr Glazebrook'a eseellent elementary text-book 
^^ombines the theoretical and the practical more suocessfally than any 
^hool-book which we have seen. Its statements arc at once plain and 
Bound and many of his directions for experimentation are remarkably apt 
4nd striking. We are glad to note that the author has undertaken to 
prepare further volnmes in the Physical Series of the 'Cambridge Natural 
Saience Manuals,' which promisee ta make a new departure in olementary 
Boience manuals for school and college. 

Educational Newa (Edinburgh). This forma one of the very eseellent , 
Physical Series of the 'Cambridge Natural Science Manuals.' Written by , 
a practical teacher, it shows throughout a thorough grasp of the Hnbjeot,T 
and is treated in a masterly and capable manner. To students who desire a. L 
reliable manual on this subject — both theoretical and practical — we would 1 
thoroQphly recommend the book before us. There can be no doubt that J 
esperiments in science must be performed by the learners if they a: 
of any value, and the author of this manual, recognizing the value and | 
importance of such luethads, has made tiiis an important feature c' ''~~ 
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B bai ahuwo in & clear, concise, and oarefUl way the theory of 
the ezperimenti nnd'the reEUlts which ma; be deduced frum them. The 
book is an admirable one, and very well adapted to the needs of stadents of 
this brancli of physical aoienoe. 

Journal of JCducalion. A vetj good book, which comhineB the thootetical 
and practical tieatmeut of Mechanics very happily. 

Heat and Light. Ad Elementary Text>-book, Theoretical and 
Practical, for Colleges and Schoola. By R. T, Glazkbrook, 
M.A., F.R.S., Assistant Director of the Cavendish Labora- 
tory, Fellow of Trinity College, Cambridge. Crown 8vo. 
5s. The two parts are also published separately. 
Heat. 3i. Light. 3i. 

Nature. Teaohara who require a book on Light, suitable for the 
ClasB.roam and Laboratory, would do well to adopt Mi Glazobrook's work. 

Journal of Education. We have no hesitation iu recommending (his 
book to the notice at teaohers. 

School Guardian. It is uo undue praiae to say that they are worthy both 
Df their author and of the house by which they are issued. 

Teaelieri' Aid. Text-books of which it would be lUmont impossible to 
Kpeak too Highly. 

Solution and Electrolysis. By W. C. D. Whetham, M.A., 
Fellow of Trinity College. Crown Svo. 7s. 6d. 
Ehrtricinii, This book is a valuable addition to the literature of the 
subject. 
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Nature. There can be nothing but praise for the clear and Btrai^^^| 

fonrard way in which the author has presented his facts, and for the w^^^H 

of new matter which the book ooataina. The book shows evidence of m^^| 

oaretul reseaioh into the Uterature of the subject, and is in fact thoroof^^H 

up to date, containing many extracts from papers which have app^^^H 

within the present year. ^^H 
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